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A comparison between lot scale infiltration trenches and a catchment scale detention basin was 
modelled using a case study catchment in EPA SWMM. The literature review established the need for 
comparing source control WSUD against larger traditional scale catchment measures for treatment. In 
WSUD manuals the concept of source control is encouraged over catchment scale infrastructure. The 
implementation of WSUD is identified as a strategy with proven potential to deliver environmental 
flows, restore stream baseflow and remove key pollutants through the replication of natural catchment 
elements which are removed through the urbanization typical in the Anthropocene 
Various modelling software was analysed it was found EPA SWMM had key advantages over 
MUSIC. It is said that EPA SWMM is more suitable for detail design objective and accurately 
depicting stormwater infrastructure within the conveyance network. Additionally, the open source 
license of EPA SWMM met that it was freely available. The literature review found a deficiency of 
case studies for EPA SWMM in an Australian context, with modelling standards and extensive case 
studies completed using the more widely adopted industry standard, MUSIC. The literature review 
identified that EPA SWMM could be used to directly compare the performance of different treatment 
measure place at different scales in the catchment, making it a suitable choice for delivering the 
desired simulation outcomes. Furthermore, EPA SWMM contained processes by which Build-up and 
Wash-off could be assigned to land-use which meant it showed potential for future long-term 
simulations when compared to simple EMC estimates which are specific to isolated rainfall events 
The case study location was selected balancing data availability and proximity. Where data was 
available, it was incorporated in the case study catchment. Any parameters which were not available 
were taken from literature and other case studies. Additionally, key simplifications were required to 
ensure that the project could meet the required timeframes. 
The dissertation aim was achieved using three distinct model runs. Model run 1 to simulate 
unmitigated development, without the implementation of treatment measures. Model run 2, with the 
same parameters as model run 1 except a detention basin placed at the catchment outlet. Model run 3, 
same as model run 2 except with infiltration trenches installed at each lot of the catchment. Model run 
2 and 3 were each compared against model run 1 to assess the pollutant reduction afforded by the 
different treatment measures. 
The results showed that the infiltration trench (model run 3) achieved a 55% TSS reduction compared 
to a 4% TSS reduction observed in the detention basing treatment simulation. A sensitivity analysis 
reveal that the detention basin was sensitive to the selected geometry, in addition to the settling 
velocity adopted in the treatment function. For the infiltration trench model run, the most sensitive 
parameter related to treatment is the BMP removal efficiency, which requires calibration and 
significant research to be applied. The BMP removal efficiency established in a Tetra tech study 
(2010) showed that the treatment observed is a function of the runoff depth treated and the 50% of the 
soil in-situ saturated hydraulic conductivity. The selected catchment for the case study did not have 
such performance curves developed, which meant that value adopted for the catchment studied by 
Tetra Tech in Prince George County, USA, were used for the case study catchment developed in 
Darling Heights, Toowoomba. Therefore, while the results show that infiltration trenches at lots 
outperform a regional detention basin, further work is required to ensure the relevance of the model 
conclusion. Data is required to calibrate hydrologic and quality results, in addition to the development 
of BMP performance curves that give an accurate representation of TSS treatment performance for 
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Chapter 1: Introduction 
 
Urbanisation is a global and fast occurring phenomenon relating to the conversion of land to a more 
urban state. Urbanisation is associated with increase in population density and the infrastructure 
provided to humans living within an Area. Mankind’s ability to live in densely populated urban areas 
or cities can be derived from the evolution of agricultural methods. This also underpins the declining 
ratio of rural food producers to consumers (Satterthwaite et al. 2010 p1). People no longer needed to 
be hunters and gatherers of their own food supplies and could devote daily efforts to other relevant 
tasks that progress society. 
The earliest cities had the challenge of managing a major human pollutant, sewerage. Initially, such 
measures were taken to improve the comfort of habitants. However, the discovery of bacteria in 1676 
meant that health outcomes could now be associated with effective management of human waste 
(Nouri, 2011). Further advances in chemical in biological knowledge then revealed key characteristics 
of what can be considered as clean water.  In the present day, developed countries strive to implement 
measures that minimise impacts of urban development on the natural environment. The most notable 
change to a catchments hydrological process which results from development is the conversion of 
previously permeable surfaces, to impermeable surfaces such as concreted paths or road pavement.  
The modification of catchment surfaces causes significant alterations to the water balance and 
resulting hydrograph where runoff volumes and peak flows are increased. Greater volumes of 
pollutants are also observed due to high flow velocities which can erode soils, along with any 
substance which may have gathered on the impermeable and catchment surfaces. There are many 
practices being developed around the world to account for the ecological disruptions caused by 
urbanisation with the advent of capable technology, more tools than ever are at the disposal of 
engineers to devise cost effective and optimum solutions. 
 Idea Origination and Need 
 
During my work as an undergraduate civil engineering intern, I identified water modelling as an area 
of interest. In my work I had the opportunity to trial many different software associated with 
generating flood maps and hydrograph. During the subjection Engineering Research Methodology, 
my idea was initially to investigate the potential for using rainwater tanks as an alternative to retention 
and detention basins. However, this project concept was later abandoned due to a lack of feasibility. 
Throughout research into this topic, it was identified that a significant knowledge gap existed in 
comparing catchment scale SCMs (Stormwater Control Measure) with lot scale measures.  
While many design guidelines exist for infiltration trenches specifying criteria which should be 
addressed to give a size, there is an absence of studies which investigate the effects of infiltrations 
systems, comparing them directly to a more traditional SCMs, such as detention or retention basins. 
Infiltration trenches have been selected as the focus for this project as they have the potential to 
address issues caused by increasing the total impervious area of a catchment. Under some soil 
conditions, Infiltration trenches have already proved effective in some lot scale modelling for 
managing the flows associated with frequent rainfall events (Akhter et al. 2018, p15).  
The suitability of infiltration trenches to frequent rainfall events means that there is opportunity to 
investigate how the may serve as a more localized means to manage water quality contaminants from 
frequent rainfall events as the runoff from these events account for a high percentage total annual 
pollutant production. A project in this area would provide an opportunity to investigate lot scale 
stormwater control measures and compare them to regional treatment measure in a practical 
application. While there is an abundance of conceptual models that measured such performance in 
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MUSIC, a globally popular model, EPA SWMM was selected as the program to undertake the 
analysis due to its suitability for detailed design phase work and greater flexibility when modelling 
wash-off and build-up characteristics (Hong-Cheah 2006, p25-26). 
 Aim 
To compare the benefits to water quality of lot infiltration trenches against larger catchment scale 
measures using an ungauged catchment EPA SWMM model. To achieve this aim the following 
deliverables are required. 
 Parametrization and set-up of a suitable catchment for input into EPA SWMM using QGIS. 
 Input of all data, in a format suitable for EPA SWMM with documentation of any assumption 
and where data was sourced. 
 Result generation for three key scenarios to assess infiltration trenches against the detention 
basin. 
 Significance of Work 
The modelling in this project will achieve a brief proof of concept regarding adopting EPA SWMM in 
an Australian context. With MUSIC being the industry standard model adopted within Australia, EPA 
SWMM has not been investigated as an alternative despite being exceedingly popular in the USA. 
 Dissertation Structure 
An outline of specific steps that will cumulatively achieve the project aim are as follows: 
1. Describe the need for managing water quality through existing literature whilst introducing 
concepts regarding water quantity and quality as ultimately in modelling, these two topics are 
linked in calculations. 
2. Present different stormwater control measures to establish a case for the selecting infiltration 
trenches as a suitable WSUD measure to investigate. 
3. Critically analyse infiltration trenches and any potential limitations which have been 
identified in literature and how these are accounted for in site selection and construction. This 
will provide context for research and ensure conclusions can be translated appropriately to 
differing scenarios, in addition to influencing the discussion on selecting a reasonable site. 
4. Analyse literature that has focused on water quality modelling, identify shortcomings when 
compared to real world observations. This will link to later discussions of results obtained 
within EPA SWMM. First, a broad focus will be adopted for discussion of all modelling 
software under the category of mechanistic and empirical. Secondly, discussion will focus on 
the specific limitations of SWMM in available literature, such as gap analysis. 
5. Prepare inputs for EPA SWMM, adequately represent the real-world characteristics of the 
selected site, noting assumptions where required and flagging the need for sensitivity 
analysis. 
6. Generation of a Model in EPA SWMM, the preparation of spatially varied inputs will be 
required in QGIS with data to be sourced from state and local governments.  
7. Generate 3 Separate Modelling runs in EPA SWMM, using a 1 in 5 year ARI, 72 hour 
duration. 
a. Pollutant Routing with no treatment, an unmitigated development 
b. Pollutant routing with Infiltration Trench treatment only 
c. Pollutant routing with Detention Basin treatment only 
8. After model runs, report differences in the annual pollutant load in kilograms observed at the 
outfall between the unmitigated development and the selected treatment. 
9. Conduct a sensitivity analysis on parameters which are both common and unique to each 




10. From modelling outcomes, recommend further work to strengthen or develop conclusions 
from obtained results. 
Chapter 2: Literature Review 
 Introduction 
This literature review will present an introduction relating to current SCM measures. Before 
establishing the need for source control WSUD measures and introduction to water quality and quality 
terminology relevant to modelling will be established. The aims of WSUD and its principles will be 
described along with the rainfall required to be managed for water quality purposes. An array of 
WSUD measures will be described to establish reasoning for the selection of an infiltration system in 
SWMM modelling. Infiltration systems will then be discussed in greater depth to ensure its functions, 
strengths and limitations are better understood. Regarding water quality modelling parameters, 
methods used in EPA SWMM will be of focus, with later literature regarding the suitability of 
different model types to be discussed. Finally, case studies which relate to the benefits of treating 
water at the source will be presented to establish the relevance of their implementation. 
 Water Quantity Parameters 
 A hydrograph describes the change in flowrate of a watershed with respect to time. To establish the 
validity of analysing infiltration trenches SCMs, it is important to fully understand the effect of 
different SCMs with reference to how they impact a catchments hydrograph. When designing SCMs 
there are key parameters which influence the sizing of the infrastructure. In assessing whether SCMs 
meet objectives for flood control, the catchment hydrograph prior to development often used to guide 
design. The implementation SCMs have different effects on how the hydrograph is shaped. In the 
definition for each parameter, the associated means for controlling it through a SCM will be 
highlighted. A diagram is presented below defining each key parameter water quantity graphically is 
given below (BBC Scotland, 2014). 
 





2.2.1 Rising and Recession Limb 
 
The falling limb of the hydrograph relates to how quickly a stream returns to the baseflow. In 
catchments with traditional SCMs, recession occurs rapidly which is also a key characteristic of flash 
flooding. To prevent the falling limb occurring rapidly, detention is required so that flow is released 
from the catchment steadily. Additionally, if a steams baseflow can be maintained or increased, the 
magnitude over which the recession limb will occur is decreased (BBC Scotland, 2014). 
2.2.2 Stream Baseflow 
 
The baseflow of a steam is an important ecological component as it can be used as it differentiates 
perennial and ephemeral streams. In studies it has been surmised that urban development’s impacts to 
baseflow varies with location and season as baseflow can be derived from different sources at 
different places at different times of the year. In wet seasons baseflow includes slow drainage from 
soils, this contribution is lower in urban areas due to the decreased fracture of permeable area which 
becomes paved. In dry seasons, the use of groundwater can reduce the amount of baseflow observed 
(Booth & Bledsoe 2009, p6).  
To restore baseflow, implementation of large-scale infiltration trenches has been investigated for a 
rural farming catchment in Peru (Somers et al. 2018 p1). However, the specific effects of urbanization 
on stream baseflow are non-uniform and difficult to characterize as it is dependent on many factors 
such as water flow paths through underlying geology, how infiltration is distributed across a 
catchment. Therefore, the baseflow attribute of stream hydrology is affected by urbanization, 
exhibiting a non-uniform response (Booth & Bledsoe 2009, p6). 
 
2.2.3 Rising Limb and Lag Time 
 
The rising limb characteristic of the hydrograph refers to how rapidly the flow increases to the peak 
discharge rate. There are many ways this aspect can be controlled by SCMs. Flow velocity is heavily 
influenced by the manning roughness coefficient assigned to the surfaces and channels that water 
flows over. The roughness coefficient of channels can be managed by retaining or introducing 
vegetation in channels or other flow paths (Booth & Bledsoe 2009, p13).  
Traditional SCMs utilise kerbs and concrete lined drains to convey flows, but due to the low 
roughness of channels, the rising limb occurs over a shorter period. The lag time of a hydrograph 
refers to the centroid of rainfall to the peak discharge. This is impacted by the many of the same 
catchment features as the rising limb. The total size of the catchment and the velocity of the flow, 
along with how much rainfall infiltrates before flow commences are all parameters which influence 
the lag time. It has been demonstrated in studies that catchments with WSUD SCMs have an 
increased lag time, due to the implementation of channels with increased roughness and reduction of 
effective impervious area by increasing infiltration (Hood et al. 2007 p1042). 
 




Watersheds, catchments basins are boundaries defined by topographical features that deliver all 
rainfall to a defined point by means of gravity. The water flows to the point or outlet, where flow 
characteristics can be measured using stream gauges. The characteristics of runoff which occur 
following rainfall events are significantly different in rural and urban environments. Within urban 
watersheds, water flows much more quickly due to increase in impervious surface resulting from 
development. Impervious surfaces change infiltration rates and increases the proportion of rainfall 
observed as runoff. Additionally, the decreased roughness of the surfaces, increase the velocity of 
flow, will decrease basin lag time. In urban watersheds there are also issues regarding water quality 
and sediment control, which arise from erosion caused by high flow velocities and the pollutants 
which amass on impermeable surfaces (Soong et al. 2009 p1). 
 
To mitigate these effects, modelling practices and guidelines have been created by local councils and 
building authorities to ensure rainfall events which occur in a region will not overwhelm network 
infrastructure. SCMs are implemented with the goal of mimicking the hydrograph prior to 
development as closely as possible (Booth & Bledsoe, 2009, p11). 
 
 
Figure 2 The Idealised hydrograph following SCM implementation (Booth & Bledsoe 2009, p11) 
The negative impacts of changing flow behaviour through currently implemented practices has also 
been realised throughout literature. Current measures that are implemented to control water quality 
and flow behaviour can negatively impact the ecosystem due to flow regime changes. Traditional 
detention and retention basins are currently utilised as a means for sediments to be removed from 
runoff in addition to the attenuation of peak flows to replicate pre development levels as shown in 
figure 2 (Booth & Bledsoe 2009, p11).  
 
Though the use of the detention and retention basins within Australia is widespread as a traditional 
SCM, they do not address the disruption to the water balance generated by impervious surfaces. 
Studies completed by the USGS have found that in watersheds with detention basins installed, 
predevelopment discharge rates are maintained for a longer period. It is recognised as a significant 
challenge to design basins with release rates that generate outflow which emulate pre-development 
magnitudes for different rainfall events. The challenge exists in catering to different storm intensities 
and duration while satisfying peak reduction, flow duration requirements and replicate the pre-




 Principle of Water Sensitive Urban Design 
 
Water sensitive urban design is a term that applies broadly to a series of measures that aims to achieve 
a set of principles. The focus of these principles is environmental protection of receiving waterways. 
The principles of WSUD can be achieved by targeting water consumption behaviour, wastewater 
treatment and the management of stormwater. Objectives of WSUD that relate to the management of 
stormwater include the treatment of stormwater runoff to meet suitability requirements for reuse, in 
addition to the preserving the natural hydrological regime of catchment. In terms of stormwater 
treatment, WSUD is the implementation of new treatment measures that mimic natural processes, so 
the pre-development hydrograph is more closely replicated following development (Mouritz et al. p1-
2). Currently, there are many barriers preventing the widespread adoption of WSUD. These barriers 
relate to uncertainty and unfamiliarity with WSUD measures along with uncertainty of capital 
expenditure and operating expenditure. This makes WSUD less commonly applied than the current 
and widely understood SCMs (Tjandraatmadja et al. 2014) 
 
 Water Quality Parameters 
 
This section will provide an overview of water quality parameters and approaches used to quantify 




Pollutant can be characterized as point source or non-point source pollution. Point source pollution is 
direct discharge of pollutants from a facility such as a house sewer connection, factory waste flow and 
other piped grey and black water discharges. Non-point source pollution builds up over area and is not 
discharged immediately at a point. As point source pollution is now largely controlled through 
treatment, it has been identified that Non-point source pollution has become the main contributor of 
water quality deterioration in cities such as Beijing, China (Li et al. 2016, p2) 
Though the quantity of non-point source pollution can be measured in runoff by their respective 
concentrations, the specific origin and concentration at that origin is more difficult to determine, due 
to the potential for spatial variability in the pollutant distribution. In the Queensland context, state 
planning policy prescribes the treatment necessary and refers to 4 key pollutants that must be 
considered when planning mitigation measures for water quality (Queensland Department of 
Environment and Science, 2018). 
 Total Suspended Solids (TSS) 
 Total Phosphorus (TP) 
 Total Nitrogen (TN) 
 Gross pollutants > 5mm (GP) 
TN and TP levels are important parameters for water quality as if they are present in high levels, they 
can facilitate the growth of cyanobacteria (blue-green algae), among other water-based plant life such 
as phytoplankton. If these organisms become too prevalent within a waterway, the amount of 
dissolved oxygen will not be enough to support other aquatic life such as fish, ultimately causing mass 
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death. Sources of phosphorus include, tree leaves, domestic and industrial fertilisers, atmospheric 
deposition and Lubricants, (Duncan 2006, pg2). 
TSS is any particle which can be removed from water in filtration under standard conditions, particles 
smaller than an average filter size of 2 microns. TSS can originate from many sources, such as from 
the erosion of channels, plant life and road surfaces and is useful as a general indicator of stormwater 
health and more specifically, an indicator of non-point source pollution severity (Li et al. 2016 p2). 
TSS can serve as a delivery mechanism for pathogens and bacteria, along with heavy metals such as 





Build up is used to describe the manner in which a pollutant accumulates between rainfall events. In 
EPA SWMM modelling the build-up can either be specified as a unit of mass per unit curb length or 
area. This build up refers to simplification regarding the accumulation of non-point source pollutants. 
Studies have been conducted to calibrate build up function’s parameters within programs such as EPA 
SWMM (Tetra Tech 2010). To measure the build-up which occurs and generate observations for 
calibration, common approaches are to wash surfaces which have been under controlled conditions 
(Ergodawatta 2007, pg1). Alternatively, the concentration of pollutants in runoff after a known 
number of antecedent dry days can be taken (Duncan 2006, pg1). The functions are again commonly 




Wash-off is the process of accumulated pollutants being removed from impervious surfaces as a result 
of rainfall and runoff. Wash-off is closely linked to storm characteristics, catchment characteristics 
along with the pollutants being measures. In urban stormwater modelling Wash-off is used to define 
the pollutant concentration that results from an input rainfall volume. It can be defined through 
independent function, but it is commonly represented by an exponential decay function of Build-up. 
This assumes that built-up pollutants are largely removed by a moderate rainfall event and that the 
wash-off is determined largely by the build-up. 
However, it has been noted this assumption may have limited accuracy and it may be more effective 
to view wash-off as a flow process which is controlled by the energy supplied by rainfall, when 
intensity and runoff depth increases, more TSS particles can be held in suspension. If rainfall was to 
cease, particles would begin to settle until flow subsided. However, if further rain of increased 
intensity was observed, further wash-off would be generated, without the need any antecedent dry 
days (Duncan, 2006 pg3). 
2.5.4 Association with Land-use 
 
It is widely accepted that the build-up of pollutants, which characterises concentration observed in 
wash-off through some modelling approaches, are dependent on land use (Nepomuscene et al. 2018 
pg1). Modelling software such as EPA SWMM accounts for this, allowing for separate definitions to 
be made (Rossman, 2010 p326-327). A study by Egodawatta (2007, p1-2) challenged critically 
reviewed the assumptions within the build-up and wash-off functions. The study controlled the 
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rainfall energy that surfaces were subjected to, hypothesising that particle adhesion to surfaces was a 
governing factor in wash-off, as opposed to particle size, or the amount of build-up present.  
The conclusions of the study found that while wash-off is influenced by the amount of pollutant 
which has initially accumulated on road surfaces, the wash off process was found to be independent 
largely independent of build-up and more dependent on rainfall intensity and duration. This confirms 
the hypothesis by Duncan (2006, p3) that the wash-off process is more accurately understood by 
interpreting rainfall as an overland flow process controlled by rainfall energy, implying that assumed 




Rainfall is characterized through three primary parameters: Intensity, Frequency and Duration. In 
Australia, these parameters can be found in online tables used in conjunction with ARR 216. The 
intensity of rainfall influences the coinciding pollutants observed at watershed outlet. Which rainfall 
event which needs to be considered is dependent on the infrastructure being designed and its intended 
purpose. The following table from The Bureau of Meteorology (2016) describes the deferent rainfall 




Figure 3 The design rainfall events recommended for sizing different infrastucture (Bureau of Meterology 2016) 
Research by the US EPA also defined first flush as the first half inch of runoff stating that this often 
contains the highest pollutant loadings (USEPA 2000, p10.). In a more local study completed on the 
Gold Coast which analysed the different rainfall event which were responsible for pollution, it was 
found that for urban residential catchments. High intensity, short duration events were responsible for 
58% of the TSS pollutant load, yet only constituted 29.1% of the total annual runoff volume (Liu et al. 
2016 p1). It is therefore widely accepted that WSUD measures need only be sized for smaller rainfall 
events. This study establishes a strong linkage with the first flush phenomena and the annual TSS 
load, underscoring the importance of ensuring more frequent rainfall events are the design objective 
for water quality control, as even with rare events which generate more runoff over a larger period of 
time, if the first flush is intercepted, reductions in the annual pollutant loading are still likely to be 
significant. 
 Stormwater Control Measures 
2.7.1 Introduction 
 
As previously mentioned, stormwater control measures aim to mitigate the impact of disturbances to 
the overall water balance. The replacement of pervious land cover with impermeable surfaces is 
shown to decrease the basing lag time and increase the magnitude for flooding events. 
2.7.2 Best Practice Hierarchy 
 
The best practice hierarchy refers to the how action should be taken to manage stormwater to meet the 
principles of water sensitive urban design. To successfully incorporate WSUD, each measure must be 
considered as part of the whole and integrated holistically within a planned stormwater management 
system. The hierarchy is provided as a guide for planning instruments, to ensure consideration is 
given to appropriate elements of a catchment and priorities are consistent in design. It is assumed that 
implementation of the hierarchy will be done through achieving the economic requirements, design 
capacity requirements and the principles of WSUD. Therefore, it is important that the hierarchy is 
referred to when assigning more rigid development and approval guidelines, however, it is 
acknowledged that it may not necessarily be economical, nor possible, for all design capacity to be 
satisfied at one level in the hierarchy. The hierarchy levels, in order of importance are specified below 
(Mouritz et al. 2006 p4). 
 
2.7.2.1 Retention and Restoration  
 
Retention and restoration of natural riparian corridors in catchment has been referred to as a 
cornerstone of stream conservation. Attempting to implement SCMs at this level is a priority as it 
ensures the best outcome, ecologically, environmentally and, where retention of riparian habitat is 
possible, environmentally.  Despite these areas only constituting less than 5% of total watershed area, 
they have been shown to have a significantly disproportionate effect on stream ecology (Booth & 
Bledsoe 2009, p13). 
 




Source control non-structural measures refers to the changing the behaviour of the public by 
implements policy and education campaign which can influence characteristics of runoff. Such 
measures could include recommending that residents capture grass clippings and dispose of them as 
refuse to decrease the amount of gross pollutants greater than 5mm in runoff originating from 
residential lots. This is the second highest best practice method for management as no infrastructure is 
required (Mouritz et al. 2006 p4). 
 
2.7.2.3 Source Control Structural  
 
Source Control Structural measure relate to implementing infrastructure to manage water quality and 
quantity aspects of runoff at or near their origin. This is recognised as the next-best level to implement 
stormwater controls as maintains the health of habitats which may occur throughout the urban 
landscape (Mouritz et al. 2006 p4). 
2.7.2.4 In-system Measures 
 
In system measure refer to management systems which are implemented close to where the catchment 
discharges into the receiving waterway. Due to their nature these measures are typically larger and 
easier to plan as the entire catchment loads can be modelled roughly and the risk of overdesign is only 
for one larger piece of infrastructure. The more traditional retention and detention basins measures are 
at this level of the hierarchy (Mouritz et al. 2006 p4). 
2.7.3 Installation Scale 
 
The scale at which best management practices are implemented relates to the physical location of the 
infrastructure. Four broad scales of BMP are identified by (Mouritz et al. 2006 p11): 
 Lot Scale 
 Street Scale 
 Precinct Level  
 Regional Level 
Typically, the aim is to implement measures using a treatment train which involves their integration at 
the various scales so that the cumulative effect of treatment objectives meets design capacity 
requirements. It is recognised in satisfying the requirements for WSUD that the primary advantage of 
implementing SCMs at various scales is the at source treatment of stormwater quantity and pollutants 
(Mouritz et al. 2006 p11).  
 
2.7.4 Retention and Detention Basins 
 
Detention and retention achieve water treatment through the same means, the settling of suspended 
particles. In address water quantity design objectives, they differ in that detention basins release the 
water over an extended duration to increase lag time, whereas retention basins store a given amount of 
water, allowing settling to occur in a far greater time period. For detention basins to address water 
quality impacts a micro-pool is required at the inlet structure to allow for pollutants to be collected 
and removed (Urban Drainage and Flood Control District 2016 p6-12). Detention basins are 
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commonly referred to as dry ponds due to the absence of a significant amount of pooled water 
whereas retention basins are also known as wet ponds.  
 
2.7.5 Vegetated Swales  
 
Swales are open vegetated channels which can be implemented as an alternative to the concrete lined 
channels and kerbs typical of tradition urban drainage system. Vegetated swales are typically design 
in with reference to minor rainfall events and have the potential to both reduce flow rates and offer a 
degree of filtration to passing stormwater. In terms of water quantity, vegetated swales attenuate 
frequent or minor rainfall events through reduction of flow velocity. This can be characterised with 
changes to the Manning’s roughness coefficient in the channel, however, it is necessary to ensure that 
the depth of the flow for minor events does not exceed the height of the vegetation within the channel. 
When vegetation is submerged, there is no longer an increased roughness to aid in the reduction of 
water velocities (Flectch et al. 2006, p1). Water quality treatment has been established by studies in 
Brisbane which have revealed the following reduction in pollutants arising from swale installation 
(Fletcher et. al. 2006, p5). 
 73% to 94% for TSS 
 44% to 57% for TN 
 58% to 72% for TP 
The study also found that TSS solid removal rates decreased with increasing flow rate, indicating the 
importance keeping vegetation at an effective height. However, the removal of Phosphorus and 
Nitrogen were less dependent on flow velocity and depth, indicating the more important influence of 
chemical processes in their removal. 
 
2.7.6 Bioretention Systems 
 
Bioretention systems utilise vegetation and soil media as a filter for stormwater which passes through 
the system. The SCM is efficient in removing sediments as they pass through soils layers, along with 
nitrogen removal from uptake and denitrification (Fletcher et al. 2006 p6). Denitrification refers to the 
reduction of nitrate (NO3-) molecules to molecular nitrogen (N2), specific environmental conditions 
are required to facilitate this transition. The uptake of nitrogen refers to the amount of ammonia (NH4) 
and nitrate (NO3-) molecules which are assimilated by plant root systems for growth.  (Liu et al. 2014 
p1078). Bioretention systems typically include an underdrain especially where soils are low in 
permeability (<13mm), they are also constructed with 2-3 subsurface layers. 
1. A base drainage layer consisting of coarse, poorly graded sand. This layer encases the 
underdrain pipe which flows to conventional stormwater drain systems. 
2. A sand transition layer is advised to prevent any filtration media from being washed into 
underdrain pipes. 
3. Finally, the sandy loam filtration media layer which has a hydraulic conductivity of 50mm/hr-
300mm/hr. 
Ponding is typically encouraged over filter media to maximise the amount of water which can 




 Lot Scale Infiltration Systems 
 
Infiltration trenches are typically characterized as having lengths that exceed their width. Such a 
system is well covered in literature, with model guides that dictate their inputs into EPA SWMM. 
However, within the Australian Runoff Quality Guide to Water Sensitive Urban Design, the broad 
category of infiltration systems is used to classify the trench systems, it is stated in the manual that 
infiltration devices can be constructed from the following materials (Argue & Pezzaniti 2006, p1) 
 Single-size gravel or crushed concrete 
 Slotted pipes that are either circular or semi circular 
 Milk Crate type units made from recycled plastic 
An infiltration system can be further separated into sub-categories 
 Leaky Well 
A slotted pipe buried vertically in soil. It contains holes in the wall and a open base with the 
holes wrapped in a geo-textile fabric to prevent soil from entering the hollow pipe. 
 Soakaways 
A soakaway can be categorised as an underground structure filled with porous media which 
provides storage for stormwater runoff which arises from pervious surfaces. Overflow pipes 
for conveying excess runoff are commonly implemented in this measure. 
 Infiltration Trenches 
Infiltration trenches are similar in nature to soak away, with the primary difference between 
them being that trenches have a length that exceeds their width 
Infiltration trenches are one of the most suitable SCMs for incorporation at a single lot scale. This is 
due to their ability to be readily incorporated into street-side landscape, and the varying dimensions 
which can be adopted in their installation (Susdrain, 2019). Infiltration trenches can drain solely to 
surrounding soil or flow may be diverted to an underdrain. Modelling programs such as EPA SWMM 
can account for both cases.  
 
Figure 4 Section view of a typical infiltration trench (Tetra Tech 2010, p45) 
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2.8.1 Design Guidelines 
 
There are several factors which influence the selection of an SCM. In interpreting these factors, the 
AR&R WSUD guide (Argue & Pezzaniti 2006) was utilised in conjunction with a Study completed 
by Tetra Tech (2010), which derived a pollutant removal efficiency from an infiltration system of 
given specifications, implemented under various site condition. For infiltration trenches, 
characteristics of the site and underlying soil conditions are critical due to the infiltration required for 
the SCM to be functional. From recommendations made by Argue and Pezzaniti (2006), infiltration 
trenches must have a pre-treatment buffer which removes large TSS particles which increase the 
potential for clogging. Pre-Treatment of runoff was also identified as being critical for infiltration 
system performance in the study by Tetra Tech, where infiltration systems where constructed from the 
specifications in the Massachusetts Stormwater Handbook.    
In assessing the size of infiltration system which is required to be implemented, the residence time for 
the systems must be considered, as the time taken to drain limits the amount of inflow which can be 
treated in subsequent storms. Methods within the AR&R WSUD guide are presented which show the 
sizing required as a percentage of mean annual runoff volume to ensure the drainage time and overall 
system size allows for the treatment of a given site specific critical rainfall event, in terms of water 
quantity and quality. This method for sizing was further justified with long term analysis of storage 
within an infiltration system for site specific infiltration characteristics.  
The method adopted for the sizing of infiltration trenches for the Tetra Tech studies, varies 
significantly. The approached for sizing is referred to as the Static method in the Massachusetts 
Volume 3 guidelines (Commonwealth of Massachusetts 2008, p18). It is dependent on: 
 Percent Impervious or the Impervious fraction for area delivering flow 
 A hydrologic depth factor given from the soil type 
 A recharge volume determined from the hydrologic depth factor and the impervious fraction 
of the site. 
 Checking that the recharge volume is discharged within 72 hours. 
There notable are differences in checking the adequacy of the storage zone between the 
Commonwealth of Massachusetts (2008) and Argue and Pezzaniti (2006), it should be noted that both 
apply the assumption volume required for treatment and flood mitigation is primarily a function of the 
infiltration rate afforded by the soil and the surface area of the trench which interacts with it. The 
differences between sizing methods and their overall effects on the long-term quality and quantity 
performance has not been analysed within literature. 
2.8.2 Modelling Infiltration  
 
The most prevalent parameter on the efficacy of infiltration trenches is the infiltration rate of the 
underlying soil layer. This amount of water which can pass through the underlying soil layer limits 
both quality and quantity design control objects as water is only treated when it passes through an 
infiltration trenches porous structure. The porosity of the infiltration trench also impacts the total 
excavated soil volume required for construction. In a study which assessed the 2D finite element 
modelling of infiltration rates through soil, it was found that 75% of infiltration occurred through the 
bottom layer of soil. Further, the amalgamation of a saturated soil layer above the groundwater table, 
known as mounding, was identified as a factor which infiltration rates (Duchene et al. 1994, p291). 
The modelling parameters relevant to infiltration across pervious surfaces and within infiltration 
trenches can be captured within EPA SWMM. 
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2.8.3 Maintenance Requirements 
 
Clogging is a significant issue that degrades the performance of infiltration trenches ultimately 
resulting in their failure. When runoff is not pre-treated, clogging pollutants such as leaf litter will 
prevent trenches from fulfilling their design intent. The most extensive study into the performance life 
of infiltration trenches was in Maryland, where source control was legislated, and implementation of 
trenches became widespread. A survey was commissioned six years after the installation of leaky well 
and soakaway, it was found that their failure rates were 85% to 40% respectively (Argue & Pezzaniti 
2006, p3).  
In a review by Blecken et al. (2015, p283), it was found that many systems will degrade in the first ten 
year of operations if runoff is not subject to adequate pre-treatment through adopting a vegetate swale 
or buffer strip type solution. Preventative maintenance is required in to extend performance life by 
utilising mechanical or vacuum removal methods. Other remedies for addressing decreased 
performance due to clogging is the removal of the top soil layer or tiling of the infiltration trench 
surface. Blecken et al (2015, p283) also recommended a conservative design is undertaken to account 
for decreased performance throughout an infiltration trenches expected design life. 
 Water Quality Modelling 
 
Water quality modelling can be distinguished as empirical and mechanistic. Mechanistic models seek 
to understand the specific bio-geochemical interactions that are underlying observational data. Such 
models can predict system behaviours under changes to the modelled system. Empirical models do 
not rely on developing a understand of underlying biogeochemical interactions and are centred around 
associating statistics to designate factors which can be used for representing or understanding the 
systems.  
As stated by Meirlaen et al. (2001, p302) the difference between mechanistic and empirical modelling 
can also be explained with the black box and white box analogy. Mechanistic models are the white 
box in which every interaction is in the process of producing an output. In black box empirical 
models, the process undertaken is disregarded and a statistical relationship between the input and 
output is hypothesised, then tested with performance measured.  
The greater accuracy and understanding afforded by mechanistic modelling comes with trade-offs, as 
the data collection and computational processes required to establish the relationships between 
variables renders this approach uneconomical in some circumstances. Alternative approaches have 
been identified, such as mechanistic surrogate approaches, that allow for some real-world data to be 
input, and for some calibration to occur against the smaller observed data and virtually generated data 
sets (Meirlaen et al. 2001, p302). This is demonstrated to be more economical and less 
computationally demanding than fully mechanistic models, making them more readily applicable to 
long term continuous simulation (Torres-Matallana et al. 2018). 
Various water quality modelling programs exist and the selection of the program is highly dependent 
on the aims of the model. A literature review on stormwater modelling had found EPA SWMM to be 
one of the most widely implemented stormwater quality model worldwide. This model is set apart 
from other programs in its ability to model conveyance system within watersheds. The emphasis on 
modelling the conveyance system makes it adequate assessing the performance of both combined and 
separated sewer systems (Niazi et al. 2017, p1).  
Research which focuses on the modelling of combined sewer overflows has a greater emphasis on 
specific chemicals, such as the modelling of ammonia (NH4) as opposed to Nitrogen overall. The 
research on combined sewer overflows therefore provides an insight into the limitations of the 
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SWMM model in modelling specific chemical interactions within a watershed. It was noted that 
SWMM modelling does not incorporate mechanistic modelling of chemical interactions and its 
transition into other forms and does not have a facility to accurately track COD and therefore, has 
limited applicability in the contexts where such features are necessary (Torres-Matallana et al. 2018). 
Programs such as MUSIC have been analysed within studies to be reasonable making approximations 
in simulations when compared to observed values with probability based stochiometric analysis. 
However, it has been recommended that a physical based deterministic model be implemented 
(Imteaz et al. 2013). Research has also directly compared MUSIC with EPA SWMM among other 
programs (Jayasooria Ng 2014, p1). MUSIC is a software which is broadly adopted in Australia for 
planning and costing estimates of SCMs. The program can provide an indication of the expected 
performance, so that costing may be conducted to guide decision making in conceptual design or 
planning phases. It has embedded with features that make it more suitable to Australian conditions, 
such as life cycle costing data for WSUD practices which has been gathered based on data from cities 
across Australia and embedded meteorological data from 50 reference areas across Australia.  
EPA SWMM however, is assessed to have better performance in terms of modelling WSUD measures 
for detailed design purposes, with the greatest apparent accuracy in quality quantity and WSUD 
performance (Jayasooriya & Ng 2014). The advantages to MUSIC over SWMM would be its ability 
to generate cost estimates based on Australian data. Undertaking life-cycle cost analysis in EPA 
SWMM would require a spreadsheet to be found which would allow for these calculations to be 
undertaken in the aftermath of a model run. Additionally, the lack of embedded support within EPA 
SWMM means for Australian contexts that it will be difficult to obtain regionally meaningful 
solutions where planning guidelines for BMP modelling in Australia has been built around the use of 
the MUSIC software. 
2.9.1 Hydrologic Routing equations 
 
For water quality to be modelled accurately, the quantity runoff and how it is routed through the 
conveyance system must be understood. EPA SWMM can take advantage of three different routing 
processes being Kinematic Wave, Dynamic Wave and Steady flow routing. A summary of each of the 
methods is presented below (Rossman 2015, p75-76). 
 Steady Flow Routing 
The simplest form of routing, the inflow hydrograph for each node is instantaneously applied 
to the outflow, making this method insensitive to the timestep selected. It does not account for 
delay or the change in shape for the hydrographs between upstream and downstream 
components. Backwater effects, entrance and exit losses, flow reversal and pressurized flow 
are not taken into consideration for this routing method and it can only be applied to dendritic 
conveyance layouts meaning that a Junction node cannot receive flow from more than one 
conveyance system link. In the EPA SWMM user manual, this method is recommended for 
preliminary analysis of long-term continuous simulations. Any excess flow is lost from the 
system. 
 
 Kinematic Wave Routing 
This method is an improvement on the steady flow routing method as it allows for flow to 
vary spatially and temporally throughout the conveyance system. However, it shares the 
limitation of not being able to account for backwater effects, entrance and exit losses, flow 
reversal and pressurized flow. This model is also only suitable to a dendritic system layout. 
As for Steady flow routing, any excess flow is lost from the system, unless ponding surface 
area and depth is specified for a junction, if these characteristics are defined and ponding is 
allowed in the system, any excess water which is not able to be conveyed by the conveyance 
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system for a given timestep will build up atop the junction until the conveyance system 
regains the capacity to convey the flow. 
 
 Dynamic Wave Routing 
This method solves the complete Saint Venant Equation to produce the most theoretically 
accurate results possible by utilising continuity and momentum equations at conduits, along 
with volume continuity equations at nodes. This method is able to account for aforementioned 
backwater; entrance and exit losses; flow reversal and pressurized flow effects. This is its 
primary advantage over the other models. However, similar to the other routing methods, if 
conduit capacity is exceeds, ponding must be allowed to prevent the flow from being lost 
from the system.  
 
 
2.9.2 Pollutant Transport Equations 
 
The pollutant routing within EPA SWMM is modelled using the 1-D Advection dispersion equation. 
For a junction node with no storage in the conveyance system, this means that the instantaneous 
concentration at that node is the flow weighted average concentration of all inflows received by the 
junction (Rossman, 2016 pg81). Further, EPA SWMM uses a simplified approach where no spatial 
variation of pollutant concentration occurs throughout the length of a channel as they are assumed to 
be a completely mixed reactors (Rossman, 2016 p82). There are further equations and simplifications 
that the program makes to account for the concentration of pollutants in storage nodes. These 
simplifications allow for the concentration in a storage node to equal the original mass plus the inflow 
introduced mass divided by the inflow volume plus the outfall volume. 
 
2.9.3 Pollutant Treatment Characterization 
 
The way pollutant treatment is characterized within modelling software is dependent on the measure 
being modelled, along with the capability of the software. This section will focus on how EPA 
SWMM is able to model the treatment of stormwater, in both infiltration trenches along with 
detention and retention basins. The pollutant treatment achieved by the WSUD measures such as 
infiltration devices is quantifiable through percentage removals obtained from BMP performance 
curves.  
BMP performance curves are generated as a result of studies which seek to model the performance of 
trenches which have been designed to treat a specified amount of site runoff over a long period of 
time. The removal efficiencies are achieved by changing the percentage removal in EPA SWMM until 
results from long term performance monitoring are matched. Studies have been completed by Tetra 
Tech (2010) and University of New Hampshire Stormwater to demonstrate BMP performance. The 
process undertaken to derive the treatment efficiencies can be summarised as follows. 
1. Collect water quality and quantity data for a number of discrete rainfall events. 
2. Generate an EPA SWMM and calibrate the model against the selected rainfall events 
3. From the calibrated EPA SWMM model, generate long term continuous pollutant removal 
data for input into the Best Management Practice Decision Support Software (BMPDSS) 
software which is adapted to design standards specific to a given locality. 
17 
 
4. In the BMPDSS, the relevant hydrologic parameters such as porosity and infiltration rate 
were adjusted to match the EPA SWMM modelled flow rates, along with observed flow. 
5. Water quality parameters in the BMPDSS software are then also adjusted to ensure the EPA 
SWMM and observed pollutant concentrations are replicated. 
The creation of the BMP performance curves occurs in tandem with a BMPDSS program. For the 
study completed by Tetra Tech, the Prince George County Maryland BMPDSS software was used. 
Essentially, the BMPDSS is the aspect where specific design information required for the WSUD 
measure to meet the required pollutant removal efficiency begins to be specified. This allows for an 
array of costing to be done for solutions with varying water quality performances against targeted 
runoff treatment volumes.  
As MUSIC is embraced Australia-wide as a software suitable for guiding planning, little amounts of 
literature exist where an alternative to the program has been sought. Many studies focus on potential 
refinements to the program, along with assessments regarding its accuracy, however, literature could 
be found which directly assessed EPA SWMM as an alternative to MUSIC in modelling WSUD 
measures, with detail captured in specific Australian case study. Further, no research was found where 
EPA SWMM had been applied in Australia to model WSUD parameters. 
 
 Case Studies Comparing Traditional and WSUD SCMs 
 
Limited analysis has been conducted in an Australian context to address whether the source control 
WSUD benefits of Infiltration Systems with rainwater tanks surpasses that of Tradition piped and 
channel flow conveyed to a regionalized detention basin. This research identified that WSUD measure 
could be implemented, along with selecting the ARI of events which they could manage, however, 
comparisons between the performance of the conventional SCMs and WSUD infiltration measures 
were not presented. Merely, the author had demonstrated a criterion for selection and placement of 
infiltration systems with lots contain varying roof sizes, soil conditions and requirements for emptying 
times for 10 and 20-year ARIs (Akhter et al. 2018 pg1). 
In a study conducted at the University of New Hampshire maintenance costs of traditional and WSUD 
SCMs were compared, it was concluded that the annual maintenance costs were lower in dollars per 
kg of pollutant removed. The study also found that the capital cost was lower in WSUD measures 
when minimization of dollars per kilogram of pollutant load removed was the objective for 
implementation. However, this study did not focus on the placement of the system in the catchment 
and at which level of the treatment train each measure existed, a constant 4.5ha parking lot area was 
the area subjected to treatment for all methods. Additionally, permeable pavement was the only 
WSUD analysed in the study that share mechanical similarities with infiltration trenches (Houle et al. 
2013). Furthermore, it is likely that WSUD measure analysed had underdrain to ensure soil infiltration 
was not a limiting factor and that excessive amount of runoff could still be treated in the system. 
It is widely recognised that uncertainty regarding the ongoing performance and perceptions of the 
potential for ongoing maintenance are barriers to the implementation of WSUD. Much of the 
literature which advocates for WSUD over convention SCMs is conducted with reference to 
Massachusetts in the USA, where long term monitoring has taken place. While the ongoing and 
capital cost for treatment of stormwater is demonstrated to be lower, this is subject to regionally 
specific design guidelines. Further, no steps have been taken to quantify the costs required to train 
staff once a new WSUD measure is implemented. A literature review highlighted the potential for 
cost saving when adopting source control measures in catchments where combined sewers exist. 
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However, it is not clear whether these cost savings will also be observed in separated sewers 





Chapter 3: Methodology  
 
To achieve the aims of this project, conceptualisation will be required in conjunction with 
assumptions for elements were no data exists. This chapter will provide an overview of the process 
undertaken to construct a model with commentary on the selection of the program, relevant risks 
management measures, site selection, site parameters developed from local data and site parameters 




An outline of specific steps that will cumulatively achieve the project aim objective are as follows: 
1. Describe the need for managing water quality through existing literature whilst introducing 
concepts regarding water quantity and quality as ultimately in modelling, these two topics are 
linked in calculations. 
2. Present different stormwater control measures to establish a case for the selecting infiltration 
trenches as a suitable WSUD measure to investigate. 
3. Critically analyse infiltration trenches and any potential limitations which have been 
identified in literature and how these are accounted for in site selection and construction. This 
will provide context for research and ensure conclusions can be translated appropriately to 
differing scenarios, in addition to influencing the discussion on selecting a reasonable site. 
4. Analyse literature that has focused on water quality modelling, identify shortcomings when 
compared to real world observations. This will link to later discussions of results obtained 
within EPA SWMM. First, a broad focus will be adopted for discussion of all modelling 
software under the category of mechanistic and empirical. Secondly, discussion will focus on 
the specific limitations of SWMM in available literature, such as gap analysis. 
5. Prepare inputs for EPA SWMM, adequately represent the real-world characteristics of the 
selected site, noting assumptions where required and flagging the need for sensitivity 
analysis. 
6. Generation of a Model in EPA SWMM, the preparation of spatially varied inputs will be 
required in QGIS with data to be sourced from state and local governments.  
7. Generate 3 Separate Modelling runs in EPA SWMM, using a 1 in 5 year ARI, 72 hour 
duration. 
a. Model Run 1: Pollutant Routing with no treatment, an unmitigated development 
b. Model Run 2: Pollutant routing with Detention Basin treatment only  
c. Model Run 3: Pollutant routing with Infiltration Trench treatment only 
8. After model runs, report differences in the annual pollutant load in kilograms observed at the 
outfall between the unmitigated development and the selected treatment. 
9. Conduct a sensitivity analysis on parameters which are both common and unique to each 
model run as appropriate. Present findings in a discussion, with focus on simplifying 
assumptions. 
 
 Program Selection 
 
The program was selected based upon proven capability in representing the treatment of detention 
basin and infiltration trench. Completing analysis in music was disregarded as there is already a pre-
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existing the program can only function by analysing the treatment for event mean concentrations 
resulting from statistical analysis (Chin 2006, p25). This implies the lack of an inbuilt equation that 
can be utilised for quantifying build-up and wash-off. Further, the modelling completed in MUSIC is 
isolated in relevance to the planning phase for BMP infrastructure as the software does not 
incorporate features required for detailed design such as algorithms for the sizing of various 
infrastructure (Chin 2006, p24). Therefore, the selection of EPA SWMM can be attributed to the 
program being freely available, more suited to detailed design, ability to quantify pollutants and wash-
off with a variety of functions, suitability to match pollution simulation with pollutograph 
observations and the broad amount of water quality studies which have been conducted using the EPA 
SWMM program (Chin 2006, p32-34).  
 
Water quality can be represented in EPA SWMM using key parameters (Rossman 2016 p64-67). 
 Pollutants: user defined contaminants which accumulate on surface of the catchment and 
become washed off during rainfall event. Each pollutant is categorised by a name and 
concentration units. The initial water quality of any water sources that flow through the 
catchment can also be directly added to the model. EPA SWMM also allows for pollutants to 
be classified as proportional to one another through co-pollutant and co-fraction options. 
 Land Use: Categorisation of land use is important due to way each will generate pollutants. 
Street cleaning can also be applied to different subcatchments to represent the subsequent 
removal of pollutants. The percent perviousness is also assigned during the division of the 
subcatchments. 
 Build-up: This stipulates the rate at which pollution is added onto the land surface during dry 
weather periods and can either be defined as a mass per unit acre or per unit curb length. 
Build up rates can be defined separately for each pollutant and land use, by means of 3 
different functions. 
o Power Function – Increase of pollutant mass per unit length or area proportional to 
time raised by a power, until a maximum accumulation is reached 
o Exponential Function – Accumulation follows an exponential growth curve the 
asymptotes with a maximum limit 
o Saturation Function – Build-up begins at a linear rate that decreased with time until a 
maximum value is reached. 
 Wash-off: This refers to the mobilization of pollutants during rainfall events. Three distinct 
choices exist within SWMM to represent the wash off process for the different pollutants and 
land uses.  
o Exponential – wash-off is proportional to the runoff raised to some power and the 
amount of build-up remaining. 
o Event mean concentration – applied within MUSIC this an event selected from 
statistical analysis which is representative of the most annual pollutant accumulation. 
Does not require a build-up function to be given 
o Rating Curve - wash-off rat in mass per second is proportional the runoff rate raised 
to a power. 
The selection of the parameters which were used to model pollutants were decided upon with 
reference to what had been adopted in the study the established the BMP curve treatment (Tetra Tech 
2010). Limitations exist regarding the parameters used for the derivation of the curves, a summary for 
each key characteristic will be outlined below: 
Parameter Categorisation Comment 
Catchment Surface Land Use Decreased Accuracy - Studies have shown 
promise by differentiating surfaces in residential 
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Parameter Categorisation Comment 
land use, and not entire surfaces groups together 
in land use classifications. The studies which had 
been conducted had only investigated roofs and 
roads in residential areas of varying densities, 
pervious surface such as lawns and gardens have 
not been studied, likely due to the high variability 
in pollutant loadings and export rate which would 
be dependent on plant species, human behaviours 
and soil characteristics. 
Build-Up Power Function - 
Calibrated based on 
Land Use 
Decreased Accuracy – The function used in the 
study by Tetra Tech (2010) was calibrated based 
up surface types lumped together.  
Wash-off Exponential Functions – 
Linked with Build-Up 
Decreased Accuracy – It has already been 
discussed that exponential wash-off is not 
sufficient to explain the pollutants which results 
form all rainfall events, the link with build up has 
been challenged in literature and it is found that 
wash-off is not sole limited by build-up on a 
catchment surface. This assumption does not 
account for particle adhesion on different 
surfaces, with varying wash-off concentrations 
according to the energy supplied by rainfall 
intensity. 
Table 1 Relevant Water Quality Parameters in EPA SWMM  
Furthermore, SWMM is commonly combined with SWAT and WetSpa, for better modelling of GIS 
distributed watershed conditions and assessment of non-source pollutant control measures (Niazi et. al 
p16, 2017). Without incorporating these programs, mechanistic multicomponent reactive transport 
processes for contaminants (particularly nutrients) during build-up and wash-off simulation will not 
occur. This can be said for pollutant in transport as overland flow, in the conveyance system, inside 
LIDs and storage structures. Ignoring these processes will limits SWMM from being applicable to 
risk-based water quality analysis and the modelling of smaller scale catchments in greater detail 
(Niazi et al. 2017 p24-25). It has been stated previously that incorporation with such models is 
important for combined sewer overflows where, specific chemical compositions for pollutants such as 
nitrogen and the chemical oxygen demand from pollutants of these types. However, as TSS is the 
pollutant being modelled, the reactive fate and decay of this pollutant is less relevant as its chemical 
composition is more varied. TSS has been selected due to its common application as indicator of 
stormwater health (Li et al. 2016 p2).  
 
 Case Study 
 
In the absence of a pre-existing EPA SWMM model with linked data to a given site, a mixture of real 
world and assumed parameters to create the model were adopted. Parameterisation which was 
possible from data close to the site location is presented in this section, any characteristic which will 
be assumed and simplified will be presented in section 3.4. A site was selected based on the 
availability of data, key parameters required for modelling in EPA SWMM along with the adequacy 
to fulfil the aim of the project, in comparing traditional stormwater control measures with source 
control WSUD infiltration system measures. The map given in appendices D and E show the selected 
catchment boundary with feature that have been digitised and generated with QGIS analysis. Planning 
scheme maps revealed the catchment to have no WSUD measures with a conventional street and kerb 
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style drainage system, making it a suitable candidate to compare a detention basin treatment with 
WSUD measures. A plan view of the site with lots to be modelled is shown below. 
 
Figure 5 Plan view of case study site 
 
3.3.1 Soil Data 
 
From data obtained by QGlobe, the following soil drainage characteristics were established 
(Queensland Government, 2019). 
Site Name Permeability Drainage Depth to Water 
Table 
ZBR6014 5-50mm/day Moderately well drained No data 
ZBR6015 5-50mm/day Moderately well drained No data 
ZBR6046 No data No data No data 
ZBR6050 5mm/day Poorly Drained No data 
SALTS142 50-500mm/day Moderately well drained No data 
SALTS141 50-500mm/day Moderately well drained No data 





3.3.2 DEM Data 
 
To establish the topographical elements relevant to the site, DEM data obtained from the ELVIS 
spatial repository was utilised. The DEM downloaded was completed be the Department of Natural 
Resources and Mines (2017) on behalf of the Toowoomba Regional Council, it contained grids at 1m 
spacings and contours at 25cm intervals. The application of the DEM to establish the slope of the 
rectangular flow planes in EPA SWMM was identified by Tikkanen (2013, p45) as the most feasible 
method. Some limitations were identified regarding how the slope can be adopted as the significant 
instantaneous slope which occur at the edge of structures would produce an unrealistic simulation of 
flow, by unrealistically increasing the mean lot slope.   
The author proposed an analysis approach where the segments of the DEM which contained the 
buildings and their edges were combined with the DEM representing the topography. To account for 
flow energy loss due to turbulence in the downpipes of roof, Tikkanen (2013 p46-47) reduced all 
slopes over 100% to 20%. Furthermore, the filling of depressions to generate a hydrologically 
corrected DEM may have slight impacts frequent, smaller rainfall events. These smaller depressions 
may be filled by water in the such events and decrease the flow magnitude, however this phenomenon 
is accounted for in SWMM with depression storage, not in the calculations of slope.  
 
3.3.3 Planning Scheme Data 
 
Planning Scheme Data was obtained for the selected catchment and it was found that, lot boundaries, 
land use information and limited amounts of conduit details could exported from the TRC online 
planning scheme map as a geo-referenced raster. Once loaded into QGIS, the lot boundaries and 
conduit information were manually digitized from the geo-referenced raster.  The planning scheme 





Three scenarios were selected for modelling, it was necessary to set a benchmark for unmitigated 
development, so a model run would be required for the catchment that did not implement any quality 
or quantity treatment measures. The other 2 runs need to separate the detention basin treatment and 
infiltration trench treat, with each being compared to the first unmitigated development run. The 
scenarios can therefore be summarised as follows. 
 Model Run 1: No Treatment measures – unmitigated development 
 Model Run 2: Detention basin  






 Model Setup in EPA SWMM 
 
This section will describe each section of the input file and present the inputs which were used. 
Further notes will made in each section to explain calculations and simplifying assumptions where 
applicable. For input into EPA SWMM Discretization of a developed site into subcatchments is 
necessary. This is dependent on spatial variability in land features and locations of channelized 
elements. The boundaries of the sub catchments must be determined by aggregating sub areas which 
have common overland flow directions and drain to the same channel. The land use section is used in 
EPA SWMM to define pollutant build-up and wash-off, meaning this is what will be used to assign 
the values specific to the build-up and wash off function for each surface. The primary objects within 




Junction Elevation GIS – Extract of point data from DEM 
Subcatchment Slopes GIS – Slope analysis from DEM 
Subcatchment Area GIS – from digitised boundaries of planning scheme raster 
Infiltration Selected from soil data samples across Toowoomba 
Rainfall 1 in 5 year ARI 72 hour duration for assigned outlet (AR&R 
1987) 
Table 3 Key Conceptualization Parameters for EPA SWMM 
 
Element Object Type Associated inputs 
Lot Outlets Node Conduits, LID Controls, elevations 
Drainage System Conduits Link Lot outlets, cross sections 
Subcatchment Area Land Use Coverage, Build-up, Wash off, 
LID Controls, LID Usage slope 
Table 4 Key elements in EPA SWMM 
3.5.1 Analysis Options 
The following table shows the various options selected to initiate the analysis (Rossman 2015, p276-
277). 
Input  Value Comment 
FLOW_UNITS CMS m3/s - Adopt metric system 
INFILTRATION GREEN_AMPT See further details in section 3.4.4.1  
FLOW_ROUTING DYNWAVE Dynamic wave routing must be adopted as a 
dendritic conveyance system has not been 
applied 
FORCE_MAIN_EQUATION H-W Hazen Williams 
IGNORE_RAINFALL No Rainfall to interact with model. 
IGNORE_SNOWMELT Yes Choice is irrelevant, snow is not assigned in 
subsequent model input sections 
IGNORE_GROUNDWATER Yes No D/S effects of groundwater to be considered 
IGNORE_RDII No Choice is irrelevant, no RDII hydrographs will 
interact with model 
IGNORE_ROUTING No Routing is critical to simulation process 
IGNORE_QUALITY No Quality is critical to simulation process 




Input  Value Comment 
SKIP_STEADY_STATE No Selecting no will ensure new flow routing 
computations occur at each new timestep, may 
increase compute time. 
SYS_FLOW_TOOL N/a Only applicable if skip steady state is yes 
LAT_FLOW_TOOL N/a Only applicable if skip steady state is yes 
START_DATE 01/01/2011 Start of rainfall data in input 
START_TIME 00:00 Start of start day 
END_DATE 12/31/2011 End of rainfall data in input 
END_TIME 11:59 End of end day 
REPORT_START_DATE 01/01/2011 Report runs over entire period 
REPORT_END_DATE 12/31/2011 Report runs over entire period 
SWEEP_START 01/01 Irrelevant as SS is not applied 
SWEEP_END 12/31 Irrelevant as SS is not applied 
DRY_DAYS 10 Initial period for Build-up to accumulate prior 
to sim 
REPORT_STEP 00:01:00 HH:MM:SS, temporal resolution of output, 
smaller steps increase computation time. 
WET_STEP 00:05:00 Timestep for computing runoff in rain periods 
or ponding, if applicable 
DRY_STEP 01:00:00 Timestep used during dry weather periods to 
compute pollutant build-up 
ROUTING_STEP 00:00:15 Shorter Timestep required for dynamic wave 
routing 
LENGHTENING_STEP 0 Additional “lengthening” will not be applied to 
conduits to ensure the courant stability criteria 
is met (travel time of a wave will not be smaller 
than the lengthening step) 
VARIABLE_STEP 0 Safety stem for dynamic wave flow routing to 
ensure the courant stability criteria is met 
without exceeding the lengthening step value 
MINIMUM_STEP 0.5 Seconds, default value, the minimum step 
allowed if variable timesteps are used for 
dynamic wave flow routing. 
INERTIAL DAMPING PARTIAL Reduces the value of inertial terms of the Saint 
Venant equations if flow comes closer to 
critical, ignoring them if flow becomes critical. 
MIN_SURFAREA 0 Surface area used at nodes for computation of 
water depth changes under dynamic wave 
routing. If zero is adopted the program uses the 
area of a 4ft diameter manhole. 
MIN_SLOPE 0 Default. No minimum slope for routing of 
conduits to be considered 
MAX_TRIALS 8 Default value – number of trials in a timestep 
allowed for attempts in reaching convers 
HEAD_TOLERANCE 0.0015 Default value -  the head tolerance before a 
converged solution is detected between nodes 
THREADS 2 Computer threads/cores used in simulation, 
more may decrease computation time 
TEMPDIR N/a No temperature directory to be used 






A user-defined input file for rainfall was specified based upon the selected rainfall ARI and duration. 
A 20% AEP was used at a 72-hour duration for the initial trial. The coordinates of the centroid were 
entered into the BOM 1985 IFD data hub. The syntax of the user-defined file was prepared in 
accordance with section 11.3 of the EPA SWMM user manual (Rossman, 2015). 
 










Figure 7 1987 IFD Data 
The rainfall is expressed as a total on each 15min time increment, meaning that the intensity will need 
to be divided by 4 to be input into the file. An excerpt from the user defined file is given below. 
 
Figure 8 excerpt of user defined rainfall file 
There are 288 15-minute periods with identical rainfall intensities every 15 minutes. This file is called 
within EPA SWMM using the following syntax. 
 









From the EPA SWMM user manual (Rossman, 2015 p288): 
 
 
Input Value Comment 
Name S1-S204 Arbitrarily Named, only housing lots were drawn 
Rgage Raingage Named to correspond with previous call in .inp file to the time series 
OutID O1-O204 Named so that the number corresponds to the lot from which it receives 
runoff 
Area Varies Generated using field calculator in QGIS for each lot polygon, 
AREA=$area 
%Impervious 66 From Powel’s Creek NSW – Uncertainty exists in regards to catchment 
boundary used. See further notes below. 
Width Varies Based upon the minimum dimension from bounding box analysis in 
QGIS. 
Slope Varies Based upon analysis in QGIS, see further notes below 
Clength 0 Curb will be represented as a triangular concrete channel, with further 
specifications given in [CONDUITS] 
Spack Na Not applicable, no snowpack applied 
Table 6 Subcatchment input details 
3.5.3.1 Further Notes 
% Impervious 
The below table shows the summary of impervious areas from catchments modelled to detail 




Table 7 Impervious percentages of some Australian catchments (Kus et al. 2018 p5) 
 
Slope 
Due to the focus of the analysis being largely on water quality processes, the challenge of correctly 
representing the average slop in the conceptual EPA SWMM model was disregarded and the zonal 
statistics function was used in QGIS to find the average slope for each lot. Lot boundaries were 
defined by the digitized planning scheme raster form TRC, and the slope was determined from a filled 
DEM from the Department of Natural Resources and Mining. It was noted in a model created by 
Tikkanen (2013, p45) that building slopes were retained and the any which exceeded 100% slope 
were assumed to have 20% slope, it is likely that the filled DEM used in the calculations for site has 
smoother slopes as the r.fill.dir tool likely filled the instantaneous slope changes due to the roof edges. 
Width 
As an approximation, the orientated minimum bounding box tool in QGIS was use to derive the 
maximum length of each lot polygon. This was then used in a calculation as per recommendations in 
the EPA SWMM applications manual, where characteristic flow width is derived from the lot area, 
divided by the flow length, assuming length is maximum side and width is the minimum. In 
characterising the flow width in this simple fashion, the following assumptions were made: 
 Only one flow path existed. 
 The flow path had the maximum length possible in each lot 
In the model paper by Tikkanen (2013 p48), it was stated the this typically is a calibration parameter 
and that dividing the subcatchment area by the width is useful to make an initial estimate. In the 
absence of data with which to calibrate the flow width parameter, Tikkanen (2013 p49-50) resorted to 
GIS techniques to analyse the many flow lengths based on upstream cells which receive flow form no 
other cells (source cells). Conceptually, when assuming a rectangular flow sheet of uniform slope, 
source cells are only present and the upstream edge of the rectangle. For the purposes of the model 
being generated, ensuring that flow width generates accurate results for an ungauged catchment is not 
the aim of the analysis. However, it may be worth noting how sensitive pollutant export rates and 





From the EPA SWMM user manual (Rossman 2015, p289): 
 
Input Value Comment 
Subcat S1-
S204 
Defined arbitrarily as per the [SUBCATCHMENTS] section. 
Nimp 0.012 Assume smooth concrete as per values from (McCuen 1996) see further notes 
Nperv 0.15 Grass, short prairie (McCuen, 1996) see further notes 
Simp 1.27mm Lower value (conservative) in range recommended by the ASCE (ASCE 
1992) 
Sperv 2.54mm Lower value (conservative) in range recommended by the ASCE (ASCE 
1992) 
%Zero 0 Assume all impervious area has depression storage.  
RouteTo Outlet Outlet point for detention pond case and LID/ WSUD Infiltration trench 
becomes outlet point when analysing their performance 
%Routed 100 No reason to modify 
Table 8 Subarea Input Section 
 
3.5.4.1 Further Notes 
 
The study of manning’s value within urban areas is quite broad and complex, 2D flow models have 
been comprehensive and identified issues with assumed sheet flow parameters for urban flow, 
commonly, increases to manning value are made to simulate the effect of obstructions on the water 
flow, it is likely that the assumption of sheet flow with low roughness value will increase the 
catchments responsiveness to flooding, increase overall maximum flow magnitude, in addition to 
decreasing the lag time. The following values were taken from Rossman (2015, p182) shows typical 





















Table 9 Typical values for manning’s number as reported by Rossman (2015, p182) 
The following table summarises the sensitivity of differeny hydrological modelling parameters 




Table 10 Sensitivity of hydrological modelling parameters as reported by Rossman (2016, p78) 
 
Depression Storage 
Depression storage is often a parameter which requires calibration in SWMM modelling, the is due to 
their approximate nature. Depression storage is essentially a storage of runoff that can accumulate on 
subcatchments surfaces. The following table is taken from Rossman, 2015 shows typical values of 
depression storage (Rossman, 2015 p181). 
 









From the EPA SWMM user manual (Rossman 2015, p290): 
 
 
Input Value Comment 
Subcat S1-S204 Defined arbitrarily as per the [SUBCATCHMENTS] section. 
Psi 320.04 Value for Clay  
Ksat 0.0254 Assume clay - conservative 
IMD 0.21 Value from Table 4-8 of EPA SWMM reference manual, p116 




3.5.5.1 Further Notes 
 
Reference table for the IMD of different soil types (Rossman 2016, p116): 
 
Table 13 Initial moisture deficit for Green-Ampt modelling as reported by Rossman (2016, p116) 
Reference table for the Ksat (hydraulic conductivity) and Phi (suction head) (Rossman 2015, p178) 
 
Table 14 Key Parameters for Green-Ampt Infiltration Modelling as reported by Rossman (2015, p178) 
Green-Ampt modelling was selected due to the few parameters required to characterize the 
infiltration. Essentially, the Green-Ampt model can differentiate two different soil layers, as wetted 
and non-wetted zones, where infiltration capacity becomes dependent on the depth of the wetted 
section of the soil. In dry periods, the infiltration capacity is recovered through a recovery constant 
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being applied to the moisture deficit where the best infiltration capacity after longer dry periods is 
achieved and the initial moisture deficit is reached. Both the recovery constant for the soil and the 
thickness of the upper soil layer responsible for infiltration capacity is dependent on the value adopted 
for the saturated hydraulic conductivity. It should be noted that modelling of this infiltration is limited 
by the inability for EPA SWMM to account for evapotranspiration rates in the drying of soil 







Nodes that are used to define outlet points, along with connection points between conduits where a 
change in elevation occurs. When defining the junctions in QGIS, they were named to correspond to 
the lot which they received runoff from. Additionally, they were placed on the downstream corner of 
the lot, the corner which was representative of the most downstream section of kerbing. From the 
EPA SWMM user manual (Rossman 2015, p302): 
 
3.5.6.1 Further notes 
 
A great simplification is that drainage only occurs through concrete channels or kerbing, this removes 
the need to request further data from council regarding how properties are connected to trunk 
infrastructure. It is noted that there are many such underground trunk stormwater pipes, however the 
simplification was necessary to ensure that the analysis could be completed within the project and so 
that deadlines could be met. 
3.5.6.2 Model Run Differences 
 
An additional junction is required to be defined for the detention basin model run which can be 
interpreted visually from the diagram in 3.4.7.1. The elevation is defined as identical to that of the 




3.5.7 Outfall  
 
The outfall is defined at the end of Thiess park, which is where all lots in the catchment are assumed 
to drain to. This was largely confirmed through the catchment delineation which was conducted to 
verify the outlet chosen. They are defined in a similar manner to the junctions within the EPA 
SWMM .inp file. The chosen location of the outfall is best viewed on the map included in the 
appendix (Rossman, 2015 p303). 
 
Input Value Comment 
Name O1 Defined arbitrarily 
Elev Varies Elevation data was added to node points from the DEM using the point 
sampling tool in QGIS. 
Stage 0 N/a – Free type outfall 
Tcurve 0 N/a – Free type outfall 
Tseries 0 N/a – Free type outfall 
Gated No No such infrastructure exists at the catchment 
Routed No No downstream subcatchments is to receive the flow. 
Table 15 Outfall Input Section 
3.5.7.1 Model Run Difference 
For the detention basin model run, another outfall is added to model the detention basing D/S from all 
other parameters, further information can be found in section 3.4.18.1. It is defined as 6ft lower that 





As previous mentioned, the conduits have been defined using a significant assumption, that being that 
a below ground trunk infrastructure has been disregarded. It has been assumed the catchment can be 
adequately modelled using on concrete channels which are representative of kerbing (Rossman 2015, 
p307). 
 
Input Value Comment 
Name J1-J** Defined arbitrarily, between start and end points only occurring at 
Junctions. 
Node1 Varies See further details section 
Node2 Varies See further details section 
Length Varies Calculated using field calculator in QGIS, LENGTH = $length 
N 0.012 Assume smooth concrete exists in conduits 
Z1 0 No Offset 
Z2 0 No Offset 
Q0 0 No downstream subcatchments is to receive the flow. 
Qmax No limit No limit exists on what the maximum flow can be assigned as 
Table 16 Conduits Input Section 
3.5.8.1 Model Run Differences  
 
Note that for the model run 2 which quantifies the detention basin treatment, a new conduit must be 
defined to convey water from the detention basin to the second outfall (C_out). This conduit is 
defined to ensure backwater effects are ignored. A new conduit (C_in) must also be defined to convey 






The following diagram represent the addition of the detention basin to model run 2 with the 








Figure 10 Schematic representation of how the detention basin is added to the system 
Note for the purposes of assessing drain time the connection to the upstream system is irrelevant due 
to rainfall being disregard and only the initial storage level being alter to the WQCV depth in order to 











3.5.9 Cross Sections 
 
It will be assumed that the concrete kerbing can be represented as a triangular channel within EPA 
SWMM. The geometric properties will be derived from the width of one lane, as during major event, 
the entire road carriageway becomes a conduit. Therefore, the top width of the channel will be 
equivalent to the width of a 1 lane in a collector road, the height will be 0.5m to ensure it can handle 
all flow volumes. In the Austroads guide to road design Part 3, it is recommended that a standard lane 
width of 3.5m be adopted, this will be used as the top width. The inputs which need to be completed 





Input Value Comment 
Link C1-C*** Named to refer to each conduit, all sections the same 
Geom1 0.5m Assumed height 
Geom2 3.5m Assumed top width of triangle, based up recommended lane width of urban 
roads. 
Barrels 1  
Culvert Blank No inlet flow control 
Curve Blank No applicable shape curve defined in [CURVE] section, standard geometry 
used 
Tsect Blank Assumed that no changes in cross sectional geometry occur 
Table 17 Cross Section Input Table 
3.5.9.1 Model Run Differences 
For model run 2, cross section information regarding detention basin orifices needs to be captured. 
Their geometry is assumed to be rectangular in shape. 
 
Figure 11 Screenshot of how input orifice geometry data is entered. 
Note that the sizing for orifice 2 is such that it will be able to convey any flow to C_out which 
exceeds the WQCV. 
 
3.5.10 LID Controls 
The LID controls section defines relevant parameters for the LID which is to be monitored, later, the 
area of the LID which is located on each catchment is defined in the LID usage section. It should be 
noted that there are multiple approaches which can be taken to represent the infiltration trenches in 
EPA SWMM, which are applicable to different modelling objectives.  
1. LID can be represented as a subcatchments only.  Depression storage, catchment area and 
manning’s number are used to approximate the hydrological effects of the system. This was 
demonstrated in example 4 of the EPA SWMM Applications Manual.  
2. LIDs can be placed within existing subcatchments, with more comprehensive features which 
describe the hydrological processes which are undertaken. This approach does not allow for 
the outflow of a LID control to be the inflow of another, however the definition of infiltration 
trench hydrologic performance parameters is more straight-forward. 
 
For the LID infiltration system modelling which was undertaken, it was determined the trenches could 
be incorporated with greater ease by defining them in the LID controls section, as opposed to creating 
separate subcatchments to represent them. The inability to model in LID measures in series for this 
method was not considered to be a significant drawback, as this is not the intent of the modelling. 
It is specified within the EPA SWMM user manual that the first option does not allow for LIDs to run 
in series, which means it will not allow for the inflow for one LID become the inflow for another. 
This will not be an issue, as one LID or WSUD infiltration trench will be installed at each 
subcatchments. However, it also presents an issue that the percent imperviousness, catchment width 
and must be modified based how it has altered the original catchment properties. This need can be 




Figure 12 Adjustment of subcatchment parameters following LID placement (Rossman 2015, p71) 
In the case of the LIDs which will be added to the catchments in question, the modification to the total 
surface area will be minimal as the trench will only occupy 2 square meter area, which represents a 
very small modification to the overall pervious land cover percentage. Still, this could be an area 
where sensitivity analysis may prove insightful. EPA SWMM also interprets infiltration trenches as a 
measure where length and width are typically much larger than the depth, it would be of further 
interest to ascertain whether the significant amount of depth utilised to gain the required storage 
volume has a negative effect on the modelled performance when compared to the geometries of 
infiltration trenches EPA SWMM deals with (Rossman 2015, p292).  
 
For the infiltration trenches that are to be placed at each subcatchment, it is assumed that no drain 
outlet exists to allow for flow at the bottom of the trench once water has filtered through the soil, this 
is not an issue as the Drain is an optional characteristic when modelling an infiltration trench. 
Therefore, Surface and Storage types require parameters to be allocated. 
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Input Value Comment 
Surface Layer 
Name IT1 One type named to correspond to all. 
StorHt 2.54 Depression storage for grassed surface 
VegFrac 0.1 Assume 10% of area represents grassed pre-treatment 
Roughness 0 N/a 
Slope 0 N/a 
Xslope 0 N/a 
Storage Layer 
Height 0.86m See further notes section 
Vratio 0.8056 See further notes section 
Seepage 4.318mm/hr Based on 0.17in/hr infiltration rate which is found on BMP curve 
Vclog 0 Clogging to be ignored 
Table 18 LID Controls Inputs 
 
3.5.10.1 Further Notes 
Height 
The storage for the infiltration trench was guided by analysis completed on a pluviograph data from 
the Bryn Euryn standalone pluvio, located far away from the conceptualized catchment, on the gold 
coast. 15-minute pluviograph data was analysed to determine what magnitude of rain event occur 
more frequently. In this analysis, an event consisted of one or more periods of consecutive rainfall, for 
it to be classified as an event consecutive non-zero 15-minute recordings had to be noted. The analysis 
was completed in an excel spreadsheets with dates ranging from 01/01/2010 to 01/08/2016, the 







1 71.291% 71.291% 
2 10.449% 81.740% 
3 5.278% 87.019% 
4 2.425% 89.444% 
5 1.748% 91.191% 
6 1.070% 92.261% 
7 0.999% 93.260% 
8 0.927% 94.187% 
>=9 5.813% 100.000% 
Table 19 Bryn Euryn Standalone Pluviograph Analysis 
A rainfall event of 5mm was selected to generate runoff on a 687.105m2 catchment (average 
subcatchment size) 
0.005 × 687.105 = 3.4355𝑚  
 









Vratio (Void ratio)  
The calculation for the void ratio is based up a depth weighted average of the parameters which were 
used in the calibration for the BMP curves created by tetra tech, follow calibration to stormwater 
events in Boston (Tetra Tech 2010, p46). 
 
Table 20 Void ratio of Adopted Trench from Tetra Tech (2008, p46) 
Porosity =
0.4 × 6 + 0.45 × 6 × 12








Example Syntax in .inp file is shown in the screenshot below 
 
Table 21 Example Syntax of LID Controls Section  
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3.5.11 LID Usage 
 
This is the section where LID measures from the LID controls section are linked to subcatchments 
(Rossman 2015, p295). 
 
Input Value Comment 
Subcat S1-S*** Each lot subcatchments to be named 
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Input Value Comment 
LID IT1 Only one LID is specified to be adopted 
Number 1 Only one LID will be implemented at each lot 
Width 2 The value of the side length for an infiltration trench (standard size 
adopted). 
Area 4 Assumed footprint area as per previous section. 
Initsat 0 Assume that the storage is completely dry 
FromImp  Ignore field as LID is assumed to treat all subcatchments flow 
ToPerv 0 Excess flow is not to be routed back over the impervious catchment 
area, as it is assumed that all flow is directed to the outlet. 
RptFile * Not applicable as detailed time series results are not available 
DrainTo  Ignore as the outlet for the LID control is identical to the subcatchments 
outlet 
Table 22 LID Usage Input Section 
 
3.5.12 LID Subcatchments 
 
After modelling was attempted to represent the infiltration trenches, it was noted that this approach 
would not allow for an accurate BMP removal percentage to be assigned directly to the infiltration 
trenches using the LID usage and controls section. This rendered the inputs within section 3.5.11-12 
invalid. It was necessary to setup the infiltration trenches as separate subcatchments. The following 
key steps were required to convert between LID modelling and LID representative subcatchments. 
1. Change infiltration values to assume worst case constant – IMD is constantly 0 and Ksat is 
the constant infiltration rate that will occur in the trenches. 






The pollutant chosen for modelling is TSS, it was selected due to do the breadth of pre-existing 
literature, in addition to the fact that both infiltration trenches and detention basing are well suited for 
its removal. EPA SWMM requires that the pollutants be listed in the modelling setup. The following 
parameters must be defined (Rossman 2015, p322)). 
 
Input Value Comment 
Name TSS Target pollutant for modell 
Units  MG/L Use non-imperial units 
Crain 0 Assumed that pollutant is not present within rainwater 
Cgw 0 Pollutant concentration in groundwater not tracked 
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Input Value Comment 
Cii 0 Inflow concentration not tracked, only concerned with 
runoff 
Kdecay  First order decay not applicable 
Sflag No No snow cover occurs 
CoPoll * No co-pollutant is applicable 
CoFract 0 Co-pollutant is not applicable 
Cdwf 0 Not applicable as combined sewer is not the subject of 
the model 
Cinit 0 Assume there is no pollutant present at the start of 
simulation 






Designed to define the different applicable land use types and specify a street sweeping schedule, as 
street sweeping is not applicable, this sections only serves to define the different landuses which are 
the subject of modelling (Rossman 2015 p323). 
 
Input Value Comment 
Name Residential_1 Only land use which is considered 
SweepInterval 0 Sweeping not applicable 
Availability 0 Sweeping not applicable 
LastSweep 0 Sweeping not applicable 






This section is used to define what fraction of each subcatchments are covered by each land use, as 
initially only one land use is being modelled, each subcatchments or lot will be covered 100% by the 
Residential_1 land use. This assumes the section of the lot which is occupied by the LID does not 
count as a land use as it represents a small amount, however to ensure that the BMP occurs, a % 
coverage representing the LID infiltration trench land use will need to be applied, on the model run 
where they are represented (Rossman 2015, p325). 
 
Input Value Comment 
Subcat S1-S*** Call each subcatchment to assign land use 
Landuse Residential_1 Sweeping not applicable 
Percent 100 All of the subcatchment area is assumed as 1 landuse 






Specify the function type and associated parameters which will be used to model the rate at which 
pollutants accumulate on catchment land use types during dry-days. The follow input section from 
Rossman (2015, p326) will be defined. 
 
The power function has been applied to ensure the BMPDSS results regarding the infiltration system 
performance have consistent parameters between the models. 
Input Value Comment 
Landuse Residential_1 Only land use defined 
Pollutant TSS Only pollutant to be modelled 
FuncType POW As per tetra tech study 
















1.12 As per tetra tech study  
PerUnit Area Curb not applicable 





Section used to define the function and relevant calibrate parameters used to quantify the wash-off of 
pollutants from different landuses (Rossman 2015, p324). 
 
Input Value Comment 
Landuse Residential_1 Only land use defined 
Pollutant TSS Only pollutant to be modelled 
FuncType EXP As per tetra tech study 
C1 5.11 × 25.4 = 129.794 As per tetra tech study table 3-6 – 
convert to change to account for the 
runoff units being in mm 
C2 1.21 As per tetra tech study table 3-6, no 
unit conversion required 
SweepRmv1 0 Street sweeping not applicable 
Table 27 Input table for Wash-Off 
Treatment of a 5mm event corresponds to treatment of a 0.2 (0.19607in) inch runoff event which 










From Rossman (2015, p328) 
 
Input Value Comment 
Node SU1 Node representing 
detention basin data. 
Pollutant TSS Only pollutant to be 
modelled 
FuncType C As per tetra tech study 
Func 𝐶 =  𝑇𝑆𝑆 ∗ 𝐸𝑋𝑃(−0.00103149/𝐷𝐸𝑃𝑇𝐻 ∗ 𝐷𝑇/3600) See further details section 
Table 29 Treatment function input table 
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3.5.18.1 Further Details 
 
The function adopted in this section will greatly influence the pollutant removal. The geometry 
adopted for the detention basin, along with the pollutant wash-off quantities will indirectly affect the 
treatment provide. However, this function plays the same role as the BMPDSS removal efficiency, in 
that it is a large assumption used to characterize treatment. 
There is an example of applying a gravity settling formula in EPA SWMM is shown in the water 
quality reference manual, this is built upon assumptions regarding the settling velocity and quantity of 
TSS that is untreatable. A formula was found to estimate the settling velocity of particles based on an 
assumed constant particle size, density and kinematic viscosity of the fluid. It was shown to be 
applicable to variety of Reynold’s numbers, arising from the flow conditions. The formula achieved 
this by comparisons of the settling velocity results against the calibrated formulas for stokes and 
turbulent flow. The calibration coefficients, A and B, used in the formula are complexly related with 
particle roundness and size which may limit the formula applicability to engineering problems such as 
detention basin design. Investigation into the underlying study from which the ranges of A and B were 
defined will provide useful details for use in the discussion and sensitivity analysis phases. 
The minimum settling velocity was taken from the adapting a particle size characteristic of TSS from 
urban residential land use and the maximum values for A and B in the ranges defined by Jimenez and 
Madsen (2003, p72) and applying the equation 10 from Zhiyao et al. (2008, p39). 
k = 0.00103149ms  
d = 1.5g/cm  
Using equation 11 from the study by Zhiyao et al. (2008, p40) which is recommended for engineering 
design applications.  The settling velocity is given as: 
k = 0.00110556ms  
As the settling velocity k1 is lower than k2, the lower velocity will be adopted as a more conservative 
estimate of treatment within the detention basin. 
The function is therefore defined within EPA SWMM as: 
C =  TSS ∗ EXP(−0.00103149/DEPTH ∗ DT/3600) 
3.5.19 Time Series 
 
The only time series to be applied in modelling of this catchment is the rainfall data. However, this is 








This section describes parameters related to the detention basin, it is therefore only applicable for the 
model run where this is represented (Rossman 2015, p305). 
 
Input Value Comment 
Name SU1 Node representing detention basin data. 
Invert 
Elevation 
631.837 See Further details section 
Max 
Depth 
1.6814 See Further details section. 
Initial 
Depth 
0 Storage assumed as empty initially 
A1 0 No surface area variation with depth 
A2 0 No surface area variation with depth 
A3 1200 No surface area variation with depth 
Table 30 Storage geometry input section 
Under Colorado guidelines, referred to in the EPA SWMM Applications manual, it is recommended 
that basins volumes be sized with reference to 3 zones, each serving a different function. The Zones 2 
and 3 are based upon the runoff volumes for different flow events, similar to the Australian references 
to major and minor events. However, in the analysis which is to be conducted, the water quality 
control volume is the most relevant for analysis, this is controlled by Zone 1. Furthermore, 
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complications of trying to estimate a reasonable pre-development runoff will need to be avoided, 
therefore, the sizing of other sections to estimate their effects on catchment hydrology and stormwater 
quality will be avoided. 
Therefore, adopting the WQCV formula, based upon the percent imperviousness assumed in the 
subcatchments property allocation (Urban Drainage and Flood Control District, 2016): 
 
WQCV = a(0.9I − 1.19I − 0.78I) 
where: 
a = 0.9 (24 hour drain time) 
I = 0.66 
WQCV = 0.9 × (0.9 × 0.66 − 1.19 × 0.66 + 0.78 × 0.66) 
= 0.22966in 
= 5.8335mm 
Zone 3 volume is therefore: 
0.0058335 × 140169.4807 = 817.6787m  
The storage will arbitrarily be assigned a length and width of 60 and 20 metres respectively, to ensure 






To ensure that flood event which exceed the WQCV are drained immediately, the depth will be 
increased by 1m to allow for the overflow orifice which sits above the WQCV depth. The following 
figure shows the typical storage configuration for an extended detention basin (Urban Drainage and 
Flood Control District 2016, p12-13). 
 
 
Figure 13 pictorial representation of the different storage zones for an extended detention basin (Urban Drainage and Flood 
Control District 2016, p12-13). 
Determination of the outlet control needs to be done through trial and error in simulations through 
EPA SWMM.  The same method will be applied, where different orifice dimensions are trialled until 
the target drainage time is met. The following steps where applied to confirm the drain time as per the 
SWMM applications manual (Gironas et al. 2009, p60). 
1. A storage node was defined to exist beyond the initially defined outlet, outside of the model 
bounds. Assume that the WQCV is 100% filled and that it is essentially empty when depth is 
at 0.05ft or 0.01524m. 
2. Assign elevations for nodes using same assumptions that were applied in the applications 
manual, to ensure that backwater effects would not be applicable. Realistic placement of the 
detention basin at the site is not the focus of this modelling task.  
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a. Storage node is 6ft lower than O1, outlet node 
b. New outlet node O2 is to be set 2ft lower than the storage node, or 8ft lower than the 
O1 node. 
c. Rainfall is not to affect the drain time, as the storage unit is separately modelled 
d. The conduit between the detention basin outlet and O2, the new conceptual outlet will 
have inlet and outlet nodes at the same elevation, a length of 100ft and a Manning’s 
roughness of 0.01, the cross-section size will remain the same. 
 
 Sensitivity Analysis 
 
As the case study modelled utilises an ungauged catchment, it is important that a sensitivity analysis 
be undertaken for a number of assumed parameter so that the consequence of changing their values 
can be ascertained. This sensitivity analysis helps facilitated a further discussion regarding the 
weakness of the model while the parameters are identified here, further detail regarding the magnitude 
by which they were adjusted by and the subsequent changes in results will be shown in the results 
section. 
 
3.6.1 Identification of Sensitive Parameters 
 
Over the entirety of section 3.4 many assumptions were made to ensure the modelling would be able 
to achieve measurable result. The more assumptions which will affect the overall accuracy of the 
modelling aims were assessed based upon the following criteria, arranged in order of importance with 
reference to model aims: 
1. Validity – has a parameter or function been utilised where its relevance (for the purpose of 
concept level assessment of treatment performance) been largely disproven in reviewed 
literature? Yes or No classification. 
2. Treatment – how closely are assumed parameters effecting the amount of treatment observed 
in each model run? Assumptions characterised as this will be separated into two 
subcategories. 
a. Primary – Direct effects to treatment functions and rates, note that assumption made 
for parameters which characterize treatment function and rate also fall in this 
category. The stage at which assumption have been made will be identified in levels. 
An example of this is gravity settling velocity. This is a primary parameter effecting 
the treatment rate. However, the velocity is derived from second level assumptions 
regarding their size and density. 
b. Secondary – Indirect effects to treatment rates, such as approximation of hydrological 
parameter that result in decreased wash-off, reducing overall pollutant load. Broadly 
Treatment criteria is therefore assessed with the following codes of reference 
 PL1 – Primary Level 1 
 PL2 – Primary Level 2 
 S - Secondary 
3. Location – are the parameters assumed identified as only relevant to the location which is 
considered in their respective studies? Yes or No classification 
4. Discretization – has a constant variable been assumed where it would typically vary over a 
vast array of area or have geometries been simplified from reality? Yes or No classification 
A summary table of parameters with assessment against the above indicators is presented below 
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Parameter Validity Treatment Location Discretization  
Conduit Cross Section Yes S Yes Yes  
Build-up (C1, C2, C3) Yes S Yes Yes  
Wash-off (C1, C2) Yes S Yes Yes  
Infiltration Trench Infiltration (IMD, 
Ksat, Psi) 
No S Yes Yes  
Pervious Surface Infiltration (IMD, Ksat, 
Psi) 
No S Yes Yes  
Sperv No S Yes Yes  
Simp No S Yes Yes  
Nimp No S Yes Yes  
Nperv No S Yes Yes  
Rainfall No S Yes Yes  
Slope Yes S No Yes  
BMP Pollutant removal efficiency (%) No PL1 Yes Yes  
Infiltration Trench Size No PL1, S Yes Yes  
Detention Basin Size Volume No PL1 Yes Yes  
Detention Basin Surface Area      
TSS Particle Settling velocity No PL1 No Yes  
TSS Particle Size Yes PL2 Yes Yes  
TSS Particle Density Yes PL2 Yes Yes  
Table 31 Sensitive Parameter Identification 
 
3.6.2 Process for Testing Sensitive Parameters 
 
From the previous parameters listed it is anticipated those identified as having a primary level 1 
classification under the treatment criteria will have the largest impact on the results if all other 
parameters are changed by the same proportion individually. The other criteria were generated to 
allow for further commentary to be given with clarity. To assess the sensitivity of the parameters, 
each were increase by 10%. Where the parameters were grouped, alterations where made to ensure 
that the changes induce did not conflict and the alteration of each parameter in the group cause the 
overall function to have an increased or decreased result.  
Model runs will need to be conducted to assess the sensitivity of parameters where the parameter is 
applicable. The following table indicates the model runs required to test each parameter. In terms of 
quality, the key parameter which will be investigated is pollutant reduction between the unmitigated 
development model run and model runs 2 and 3. Therefore, the following results will be viewed upon 
each model run for both results and the sensitivity analysis. It should be noted that to increase the 
simplicity of the analysis, the sensitivity of each parameter is tested one by 1 
 Time to Peak (hrs) 
 Peak flow (m3/s) 
 Link TSS load over duration of simulation in final conduit (kg) 
 % reduction in pollutant load between the unmitigated development and treatment runs. 
 Limitations of Model 
 
Water quality modelling following the implementation of WSUD measures in EPA SWMM is limited 
in that it does not provide a mechanistic means to quantify pollutant reduction. In the user manual it is 
recommended that reduction efficiencies found in literature are averaged to provide a metric for 
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performance. While mechanistic models for water quality do exist, they are not broadly accepted.  It is 
important to understand that while mechanistic models for water quality exist, these do not 
specifically address the mechanistic interactions within LID measures. In Gap analysis completed for 
SWMM it was noted that there is no mechanistic simulation for reactions and transport associated 
with contaminant in terms of build-up and wash-off. This can also be said for transport of 
contaminants in overland flow, trunk stormwater infrastructure, within WSUD and storage structures.  
 Safety and Risk 
 
Due to the nature of this project as a desktop modelling assessment, any safety concerns are 
associated with office ergonomics and the negative health impact from prolonged periods of sitting 
down while researching and using software. The most significant risks in this project would be back, 
joint pain due the development of bad posture, in addition to the data loss associated with potential 
corruption and keeping multiple document copies. 
3.8.1 Risk Management: Ergonomics 
 
To effectively implement office ergonomics at my home work station, techniques standard to office 
work were adopted with or a break stretches every 3 hours and lighting managed to minimise eye 
strain. The posture adopted during work and stretches used can be found in appendix A. 
3.8.2  Risk Management: Data Loss 
 
A folder was created in a Microsoft OneDrive account, to allow for work to be completed from 
multiple devices in addition to facilitating file sharing. In case of cloud failure, the folder is 
designated to always remain on the desktop device. This means the only data loss in case of cloud 
failure would likely be work completed in an 8-hour period on another device, being the laptop or 
phone. This is the storage process adopted for both the primary research document and the model, as 




Chapter 4: Results 
 
The results are separated into three section based up model runs. 
 Model Run 1: No Treatment measures – unmitigated development 
 Model Run 2: Detention basin  
 Model Run 3: WSUD/ LID Infiltration System Treatment 
 Run 
Input Section 1 2 3 
Subcatchments    
Raingauge    
Subareas    
Infiltration    
Junctions    
Outfall    
Conduits    
Cross Sections    
LID Controls    
LID Usage    
Pollutants    
Landuses    
Coverages    
Build-up    
Wash-off    
Treatment    
Storage    
 
 Applicable with no modifications to model run 
 Applicable with some modifications to model run 
 Not Applicable to model run 
Table 32 Model Run Input Summary 
 Model Run One – Unmitigated Development 
 
The first model run was to establish pre-development conditions, this model run did not include in the 
LID controls or treatment due to the infiltration trenches.  
 
From the above screenshot, it was noted that the model run suffered from a large amount of quality 




Figure 14 Unmitigated Development Outflow Hydrograph 
The figure above shows a hydrograph for the catchment modelled, it is observed that the runoff occurs 
very rapidly and rises very quickly. The peak of the hydrograph slowly rises over the 3-day rainfall, 
reaching a maximum toward the end of the 3rd day. 
 
Table 33 Model 1 Outflow Results 
The above table of results from the outfall show the a significant amount of TSS were observed at the 
outfall, the maximum flow was also observed to be 0.068m3/s. 
 
 Model Run Two – Detention Basin Treatment 
 
Model run 2 involved the addition of a detention basin to the modelled area. 
 
It can be noted from the continuity error report that the flow routing error became more negative in 





Figure 15 Detention basin treatment outflow hydrograph 
 
From the hydrograph, it can be observed that the rising and recession limb occur over a larger period 
when flow is controlled by the WQCV orifice. However, once the WQCV becomes full, the discharge 
increases in an almost instantaneous manner, this can be attributed to the oversized weir which 
conveys flow that exceeds the WQCV. It can also be noted that outflow take longer to decrease to 0 
from the end of rainfall on the third day, specifically 24 hours as this is the drain time. 
 
Table 34 Model 2 Outflow Summary Results 
From the above summary of results at the outfall, it can be observed that there is identical max 
discharge when compared to model run 1. Further, the total volume of water observed at the outfall 
has become larger. The mass of TSS observed at the outfall has occurred because of the gravity 
settling function applied to the detention basin storage. 
 
 Model Run Three – Infiltration Trench Treatment 
 
This model run was set-up to show the effects of infiltration trenches. 
 
It should be noted the flow routing continuity error was about comparable with model run 1 and did 
not suffer from an increase in the negative direction like model run 2. The surface runoff error became 





Figure 16 Infiltration trench treatment outflow hydrograph 
The above hydrograph has a delayed response where 0 outflow is recorded for a short time period, 
however steep rising and recession limbs are still present. 
 
Table 35 Model 3 Outfall Summary Results 
 
From the summary results at the outfall node, it is observed that the max flow is higher. Further the 
total runoff volume compared to model runs 1 and 2 is also higher. The TSS load at the outfall is 42% 
of the load recorded in model 1, which corresponds to the selected BMP removal efficiency of 58%. 
 
 Sensitivity Analysis 
 
The following table presents a summary of the value adopted for each parameter in the sensitivity 
analysis. 
Run Description Original Value Sensitivity Analysis Value 
S1 DB WQCV (m) - 100% increase 0.6814 1.3628 
S2 DB WQCV (m) - 50% decrease 0.6814 0.3407 
S3 DB Surface Area (m^2) - 100% increase 1200 2400 
S4 DB Surface Area (m^2) - 50% decrease 1200 600 
S5 TSS Settling Velocity (m/s) - 100% increase 0.00103149 0.00206298 
S6 TSS Settling Velocity (m/s) - 50% decrease 0.00103149 0.000515745 
S7.1 Simp Model 1 (mm) - 20% increase 1.27 1.524 
S8.1 Simp Model 1 (mm) - 20% decrease 1.27 1.016 
S9.1 Sperv Model 1 (mm) - 20% increase 2.54 3.048 
S10.1 Sperv Model 1 (mm) - 20% decrease 2.54 2.032 
S11.1 Slope Model 1 (%) - 20% increase 10.935 (mean) 13.122 (mean) 
63 
 
Run Description Original Value Sensitivity Analysis Value 
S12.1 Slope Model 1 (%) - 20% decrease 10.935 (mean) 8.748 (mean) 
S13.1 Flow width Model 1 - 50% increase 10.935 (mean) 13.122 (mean) 
S14.1 Flow width Model 1 - 50% decrease 10.935 (mean) 8.748 (mean) 
S15 50% seepage increase 4.318 6.477 
S16 50% seepage decrease 4.318 2.159 
S17 50% volume increase 860 1290 
S18 50% volume decrease 860 430 
Table 36 Sensitivity analysis model run details 
 
4.4.1 S1 – Detention Basin Volume Increase 
 
In this run the orifice offset on the storage SU1, representing the detention basin, was moved to show 
an increase in the WQCV. This orifice marked the end of the WQCV and the start of an orifice which 
drained any excess outflow instantaneously, without storage. 
 
From the above screenshot of continuity error, there is an increased quality routing error when 
compared to model run 2. Further, the flow routing error has become more positive, though not by a 
significant magnitude. 
 
Figure 17 S1 outflow hydrograph 
The hydrograph responds interestingly to the change of orifice offset. The sharp points on both the 
recession and rising limbs do not show the anticipated interaction. While the time taken to drain the 





Table 37 S1 Outfall Summary Table 
It was noted from the above table of summary results at the outfall that the total TSS load had 
decreased along with the total volume which passed through the outfall when compared to model run 
2.  
4.4.2 S2 – Decreased Detention Basin Volume 
 
As with the S1 run, the orifice which marked the end to the WQCV was lowered to simulate a 
decrease in the WQCV. 
 
 
From the error screenshot it is clear the quality routing error has decreased compared to model run 2, 
however the flow routing error has decreased. 
 
Figure 18 S2 outflow hydrograph 
 
It can be noted from the above hydrograph that the volume fills much more quickly, meaning the 





Table 38 S2 Outfall summary table 
It can be noted from the summary statistics at the outfall that the TSS load is higher, due to the 
decreased detention time. It should be noted that there was not changes in the max flow and a minimal 
change in the total volume when compared to model run 2. 
 
4.4.3 S3 – Surface Area Increase 
 
The parameter in EPA SWMM in the storage input section was adjusted, it should be noted that this 
has an identical effect to increasing volume as the increase in orifice offsets. 
 
From the screenshot of continuity errors above, it can be noted the they are similar to those which 
were observed in model run 2. 
 
Figure 19 S3 outflow hydrograph 
The system outflow graph shows the response which was anticipated for S1. The WQCV is large and 
takes longer to fill, meaning the less steep section of the rising and falling limbs occurs at a higher 
outflow. Further, the drainage time for the WQCV means that the less steep section of the recession 





Table 39 S3 Outfall summary results 
The summary table at the outfall shows that the max flow and total volume passing the node did not 
have significant differences with respect to model run 2. It was also noted that the was an 
improvement in the reduction of TSS loads, one that indicated changing the surface area of the storage 
was better than altering the outfall offset, meaning the TSS outfall load observed in S3 was lower than 
that of S1. 
 
4.4.4 S4 – Surface Area Decrease 
 
Similar to run S3, modification to the storage surface area are made, decreasing its magnitude. This 
also leads to a reduction in the overall WQCV. 
 
From the above continuity error screenshot, it can be noted that with reference to the model 2 run, 
quality routing has a higher error and flow routing has a more negative error and the surface runoff 
error remains the same.  
 
Figure 20 S4 outflow hydrograph 
From the above hydrograph, observations made are nearly identical to S2, the reduction in WQCV 
means that the less steep sections on the rising and recession limbs of the hydrographs occur over 




Table 40 S4 Outfall summary results 
Figure 1  
From the table of summary data at the outfall, it is evident that the total volume of flow is higher 
when compared to model run 2, the TSS load is also higher, however the max flow remains 
unchanged. As the height remains identical in S4, the performance of S2 in terms of TSS reduction is 
better. Observation indicate it is better to have a higher more surface area than depth to achieve higher 
TSS reductions, as the particles must settle through the water storage. 
 
4.4.5 S5 – TSS Settling Velocity Increase 
 
This section involved modifications to the treatment function assigned to the storage node SU1 which 
represented the catchment detention basin. 
 
The above summary of continuity error indicates that quality routing increased, but other errors 
remained identical when compared to model run 2. 
 
Figure 21 S5 outflow hydrograph 
There are no changes to the system outflow graph when compared to model run 2, as none of the 




Table 41 Outfall summary results 
The summary table from the outfall shows a significant decrease in the TSS load, approximately a 6kg 
reduction from the model 2 run, all other results remain identical.  
 
4.4.6 S6 – TSS Settling Velocity Decrease 
 
As with run S5, this involve changing the parameter in the treatment function for SU1 which was 
responsible for the settling velocity of the TSS particles. 
 
From the above summary of continuity error, it can be noted that there is a slight increase in the 
quality routing error, and all others remain identical when compared to model run 2. 
 
Figure 22 S6 Outflow hydrograph 
From the above hydrograph, it is noted there are no differences between model run 2 and S6, as no 
quantity parameters have been modified. 
  
Table 42 Outfall summary results 
From the summary table at the outfall it can be noted a higher pollutant load was observed when 
compared to model run 2. A 50% reduction in S6 caused a 3kg TSS mass load increase while a 100% 
increase in S5 caused a 6kg decrease in the outfall load. 
 




This S7.1 involved a change to model run 1, the depression storage was increased by 20% 
 
From the above screenshot of continuity error, it is clear that quality routing error has increased by a 
significant magnitude, approximately 5%.  While surface runoff and flow routing errors remain the 
same as in model 1. 
 
Figure 23 S7 outflow hydrograph 
From the above hydrograph, it is evident that there were no clear changes in shape which arose from 
the depression storage increase. 
 
Table 43 S7 Outfall Summary Statistics 
The summary results at the outfall node show no difference in the max flow between S7.1 and model 
run 1. The total TSS load observed however was significantly lower, which can likely be attributed to 
the increased error for TSS.  
 
4.4.8 S8.1 – Impervious Surface Depression Storage Decrease 





The continuity error summary above shows that the quality routing error has increased by 
approximately 10% when compared to model run 1, the error is also larger by 3% that that which was 
observed in S7.1. 
 
Figure 24 S8 outflow hydrograph 
From the hydrograph above, it is clear that there are no noticeable differences. 
 
Table 44 S8 Outfall summary statistics 
From the summary statistics at the outfall, it is clear that the TSS load is much lower when compared 
to model run 1, however this can likely be attributed to the continuity error. Noticeably, the total 
volume of water passing the outflow has increased, which is logical considering the depression 
storage or the water which can accumulate on the catchment surfaces in before runoff is observed is 
higher 
 
4.4.9 S9.1 Pervious Area Depression Storage Increase 
 
The depression storage for the pervious area of the subcatchments was increased to ascertain the 
effect on the model results. 
 






Figure 25 S9.1 Outfall hydrograph 
Visually, there are no noticeable differences between the outfall hydrograph when S9.1 is compared 
with model run 1. 
 
 
Table 45 S9.1 Outfall Summary Statistics 
From the table of results at the outfall, it can be observed that the total volume has decreased and 
there has also been a 0.006kg increase in TSS load at the outfall. 
 
4.4.10 S10.1 Pervious Area Depression Storage Decrease 
 
The depression storage for the pervious area of the subcatchments was decreased to ascertain the 
effect on the model results. 
 
From the above screenshot of continuity error, it is evident that there a 0.02% increase in Quality 




Figure 26 S10.1 Outfall hydrograph 
Visually, no key differences can be identified between runs S10.1 and model 1 from examination of 
the outfall hydrograph. 
 
Table 46 S10.1 Outfall summary results 
 
From the summary of results at the outfall it can be observed the that the TSS load decreased, yet the 
total volume of water passing the outfall increased with respect to model run 1. 
 
4.4.11 S11.1 – 20% Slope Increase for All lots 
 
The slope for each lot, determined from zonal statistics conducted on the DEM from the digitised lot 
boundaries were each increased by 20%. 
 
From the above screenshot of continuity errors, it is clear there are no differences between model run 





Figure 27 S11.1 Outfall hydrograph 
There are no visual differences from the examination of the hydrograph and comparing it with model 
run 1 results. 
 
Figure 28 Outfall summary statistics 
Further, from summary results, no identifiable differences are evident when S11.1 is compared with 
model run 1 
 
4.4.12 S12.1 – 20% Slope Decrease for all lots 
The slope for each lot, determined from zonal statistics conducted on the DEM from the digitised lot 
boundaries were each increased by 20%. 
 
From the above screenshot of continuity error, it is clear that an increase in quality routing continuity 





Figure 29 S12.1 Outfall hydrograph 
Visually, there is still no identifiable differences revealed through examination can comparisons 
between the outfall hydrograph of S12.1 and model run 1. 
 
 
Table 47 S12.1 Outfall summary table 
The summary of results at the outfall show that there is a decrease in the total pollutant mass 
observed, which can likely be attributed to the increase in error, no other parameters have changed in 
comparison to model run 1. 
 
4.4.13 S13.1 - Flow Width 50% Increase 
 
The flow width is a common parameter selected for calibration in EPA SWMM it defines the 
characteristic flow path width for a given rectangular subcatchment. 
 
From the above screenshot of continuity error, it can be noted that the quality routing error increased, 





Figure 30 S13.1 Outfall hydrograph 
 
The hydrograph does not show any notable differences when compared to model run 1. 
 
 
Table 48 S13.1 Outfall summary results 
The above summary results from the outfall node, the total TSS load observed increased and the total 
volume of flow increased slightly, likely due to the absence of negative surface runoff continuity 
error.  
 
4.4.14 S14.1 - Flow Width 50% Decrease 
 
This run modified the same parameter as S13.1, but in the opposite direction. Decreasing the total 
flow width. 
 
From the above summary of continuity error, it is clear that the quality routing error has increased by 




Figure 31 S14.1 Outfall Hydrograph 
Above visual analysis of the hydrograph does not reveal any noticeable differences when comparing 
model run 1 to S14.1. 
 
Table 49 S14.1 Outfall summary statistics 
 
4.4.15 S15 - 50% Seepage Increase 
 
The green-ampt parameters where modified so that constant infiltration would occur in the 
subcatchment that represented the infiltration trenches. Essential, this involved setting the initial soil 
moisture deficit to 0. 
 
It should be noted from the continuity error above, that the quality routing error has decreased 





Figure 32 S15.1 Outfall hydrograph 
Visually, it can be observed that the hydrograph has a lag time before the rising limb begins, this does 
not appear to have increased when compared to model run 3. It is noted however, that the fluctuations 
at the somewhat stable top part of the hydrograph are lower in magnitude, meaning that this aspect of 
the hydrograph has a less “spikey” appearance when compared to model run 3. 
 
Table 50 S15.1 Outfall summary results 
The TSS load at the outfall has been reduced in a magnitude consistent with the BMP reduction 
efficiency identified as part of the land use definition for the LID areas, however the reduction has 
become higher than that observed in model run 3. The maximum flow and average flow have both 
also decreased by 0.01m3/s when compared to the model 3 results. 
 
4.4.16 S16 - 50% Seepage Decrease 
 
The seepage decrease involves the modification of the same parameter for S15, simply in the opposite 
direction. 
 
From the above screenshot showing continuity error, it is evident that there is a minor decrease in 





Figure 33 S16 Outfall Hydrograph 
It can be noted by comparing the outfall hydrograph to model run 3, that the fluctuations near the 
maximum of the graph become more intense and “spiked” in appearance. 
 
Table 51 Outfall summary results 
From the summary of results at the outfall, it is clear that more water volume is passing the node 
along with an increased TSS load when compared to model run 3. 
 
4.4.17 S17 – 50% Volume Increase 
 
The depression storage parameter used to represent the depth of infiltration trenches was increased in 
this section. 
 
From the above screenshot of the continuity error, it is clear that the surface runoff has become more 






Figure 34 S17 Outfall Hydrograph 
 
The above hydrograph has a more spiked appearance after the rising limb. Further, the lag time before 
the rising limb occurs is increased. 
 
Table 52 S17 Outfall summary results 
The above summary of results shows that the total volume has increased, along with the total TSS 
load observed. Interestingly however, the average flow has not changed 
 
4.4.18 S18 – 50% Volume Decrease 
 
The depression storage parameter used to represent the depth of infiltration trenches was decreased in 
this section. 
 
From the examination of the above continuity error: the surface runoff error has decreased, the flow 




Figure 35 S18 Outfall Hydrograph 
Visually examining the outfall hydrograph against model run 3 reveals that the rising limb of the 
hydrograph occurs earlier and the area following this has a far less spiked appearance. 
 
Table 53 S17 outfall Summary results 
Comparing the outfall summary results table to those generated for model run 3, there is a higher TSS 





 Summary Tables 
 
The following table present the key results identified from the standard model runs and compare the 
sensitivity analysis results against the relevant base models. 
  Model Run 
 Parameter M1 M2 M3 
Error (%) 
Surface 
Runoff -0.02 -0.02 -5.05 
Flow -0.46 -0.85 -0.45 
Quality 19.6 20.38 2.52 
Outfall Stats 
Average flow 0.033 0.033 0.035 
Max Flow 0.068 0.068 0.072 
Total Volume 17.205 17.283 17.387 
Total TSS 
Load 206.174 197.297 92.943 
Table 54 Key model run results 
 
  Model Run 
 Parameter M2 M3 
Error (%) 
Surface 
Runoff 0% -25150% 
Flow -85% 2% 
Quality -4% 87% 
Outfall 
Stats 
Average flow 0% -6% 
Max Flow 0% -6% 
Total Volume 0% -1% 
Total TSS 
Load 4% 55% 
Table 55 Percentage changes in results for treatment model runs 
 
  Sensitivity Run - Results Part 1 
 Parameter S1 S2 S3 S4 S5 S6 S7.1 S8.1 S9.1 
Error (%) 
Surface 
Runoff -0.020 -0.020 -0.020 -0.020 -0.020 -0.020 -0.060 -0.060 -0.020 
Flow  -0.830 -0.870 -0.800 -0.880 -0.850 -0.850 -0.460 -0.460 -0.460 
Quality  21.250 19.400 19.870 20.810 20.300 20.420 24.980 29.800 19.600 
Outfall 
Stats 
Average flow 0.032 0.033 0.032 0.033 0.033 0.033 0.033 0.034 0.033 
Max Flow 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 
Total Volume 17.279 17.287 17.262 17.294 17.283 17.283 17.195 17.230 17.186 
Total TSS 
Load 194.903 200.396 191.111 199.639 191.224 200.461 192.304 179.034 206.180 






  Sensitivity Run - Results Part 2 
 Parameter S10.1 S11.1 S12.1 S13.1 S14.1 S15 S16 S17 S18 
Error (%) 
Surface 
Runoff -0.020 -0.020 -0.020 0.000 -0.020 -5.000 -5.010 -7.230 -2.790 
Flow  -0.460 -0.460 -0.460 -0.460 -0.460 -0.450 -0.450 -0.450 -0.450 
Quality  19.200 19.600 19.780 19.170 21.590 2.740 2.360 1.140 4.760 
Outfall 
Stats 
Average flow 0.033 0.033 0.033 0.033 0.033 0.034 0.035 0.035 0.034 
Max Flow 0.068 0.068 0.068 0.068 0.068 0.074 0.072 0.074 0.070 
Total Volume 17.223 17.205 17.205 17.202 17.203 17.278 17.480 17.514 17.244 
Total TSS 
Load 206.139 206.174 205.703 207.274 201.019 89.966 95.680 93.172 94.221 
Table 57 Sensitivity analysis results part 2 
 
  Sensitivity Run - Comparisons to Base Models - Part 1 
 Parameter S1 S2 S3 S4 S5 S6 S7.1 S8.1 S9.1 
Error (%) 
Surface 





Flow  2% -2% 6% -4% 0% 0% 0% 0% 0% 
Quality  -4% 5% 3% -2% 0% 0% -27% -52% 0% 
Outfall 
Stats 
Average flow 3% 0% 3% 0% 0% 0% 0% -3% 0% 
Max Flow 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Total Volume 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Total TSS 
Load 1% -2% 3% -1% 3% -2% 7% 13% 0% 
Table 58 Percent changes against base model for sensitivity analysis runs part 1 
 











1 S15 S16 S17 S18 
Error (%) 
Surface 
Runoff 0% 0% 0% 
100
% 0% 1% 1% -43% 45% 
Flow  0% 0% 0% 0% 0% 0% 0% 0% 0% 
Quality  2% 0% -1% 2% -10% -9% 6% 55% -89% 
Outfall 
Stats 
Average flow 0% 0% 0% 0% 0% 3% 0% 0% 3% 
Max Flow 0% 0% 0% 0% 0% -3% 0% -3% 3% 
Total Volume 0% 0% 0% 0% 0% 1% -1% -1% 1% 
Total TSS 
Load 0% 0% 0% -1% 3% 3% -3% 0% -1% 






Chapter 5: Discussion 
 
 Performance of Lot Infiltration vs. Larger Scale Catchment Measures 
The simulation found that the infiltration trenches reduced the TSS load at the outfall by a greater 
amount when compared to the detention basin. The results obtained are heavily dependant on the vast 
range of assumptions which were made to ensure that the methodology remained achievable. While 
the source control infiltration trenches outperformed the detention basin in terms of treatment, the 
detention basin provided noticeable benefits from the orifice control of the water quality capture 
volume. The benefits afforded by the orifice are evident in the rising and recession limbs of the 
hydrograph where the discharge does not rapidly discharge. In the literature review, it was discussed 
the infiltration trenches can restore environmental flow. However, groundwater was not tracked 
throughout the simulation and the lack of pre-development flow data for the site would make the 
establishment of environmental flows impossible to discern. 
 
5.1.1 Model Run 1 
Very steep rising curve the from the commencements of rainfall, uncertainty surround why slope 
changes in 3 distinct sections. Overall, the rapid rise is due to the fact channels are of massive sizes 
which ensures flow is conveyed quickly, albeit in an unrealistic fashion. Flood losses occur in the 
model where water overtops a node and cannot be ponded. If ponding was enabled in the analysis 
options and a ponding area was specified, water would accumulate on top of the node and be 
reintroduced as capacity would allow. Flooding loss occurring in the model may also account for the 
water quality routing error.  
 
5.1.2 Model Run 2 
 
TSS loads at the outfall were noticeably reduced. When compared against model run 1. The settling 
velocity assigned to the treatment function was identified as the most sensitive parameter with regards 
to the treatment. In general, it was also identified that increasing surface area was a better approach 
than depth to obtain better performance in terms a pollutant reduction. This is logical as in higher 
depth situations, particle require a longer time to settle, meaning less treatment will occur over the 
24hr-detention period. The overflow orifice was sized arbitrarily without consideration of enforceable 
design standards defined within the QUDM. This also meant there is no limit to the discharge rate, 
once the WQCV was exceeded, as ponding was not enabled in the model. The assumption of the 
oversized overflow would further limit the applicability of the results in the context of representing 
real-world runoff. 
 
5.1.3 Model Run 3 
 
When representing the WSUD treatment within EPA SWMM, it was noted that the input section to 
specify BMP removal could not be used as this required for treatment to occur at nodes, it was found 
that during the sensitivity analysis, usage of the LID usage and LID Controls section would cause 
unreasonable changes to the treatment occurring, meaning the removal efficiency assign to the node 
was note the most critical parameter which determined the quantity of treatment which occurred. 
Once model run three began producing reasonable results, assessments could be mad regarding its 
performance against model run 2. 
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In comparison to the treatment performance observed in model 2, that which was observed in model 3 
was much higher. This is due the assumption of higher BMP removal efficiency which was obtained 
by values obtained from a Massachusetts study (Tetra Tech, 2008). The removal when quantity error 
was added to the total outfall TSS load was comparable to the removal efficiency specified for the 
LID subcatchments, 61% reduction when Quality error is added to the outfall and a 55% reduction in 
pollutants when quality error is not added to the final outfall load.  
Without observational data which can be used to define BMP curves, there is little basis for assigning 
the removal efficiencies other that that they are simply available. While adopting these values 
establishes that the infiltration treatment have better performance, this conclusion only has relevance 
if local BMP curves can be developed based upon pre-existing WSUD measures in Toowoomba 
which can then be applied to create a BMP curve representative of local conditions. The conclusion 
simply establish it would be possible to compare tradition and WSUD treatment within EPA SWMM 
 Sensitivity Analysis 
 
5.2.1 Sensitivity Analysis - Model Run 1 
 
It was anticipated that changes to the slope (S11.1 and S12.1) would have a greater impact on the lag 
time and the steepness of the hydrograph rising limb. The slope was likely not the most effective way 
to test the uncertainty regarding parameters from the DEM. To fully test sensitivity of the model to 
potentially bad DEM data, bad outlet placement, poor digitising and the elevation as each of the 
junctions would need to be altered also. From the sensitivity analysis results it is evident that 
modification to the conduit system would likely have more of an impact on the steepness of the rising 
limb, and how quickly the maximum flow rate is reached. 
In regards to changes made to the depression storage (S7.1 and S8.1), it appears that modifications to 
this parameter cause any suspended solids dissolved within the flow to be stored to be removed from 
the system entirely, which is supported by an increase in the percent quality routing error, along with 
a decrease in the total TSS load at the outfall when continuity error is taken into account. This meant a 
decreased performance in treatment was noted for low depression storage values while increase 
performance was noted for those which were higher depression storage values. 
 
5.2.2 Sensitivity Analysis - Model Run 2 
 
Runs S1 and S2 sought to determine the impact of changing the settling velocity parameter on the 
treatment afforded by the detention basin. However, this was not found to be the most sensitive 
parameter. An increase in the detention basin area had a more profound impact on the treatment 
observed, than a change of the same proportion applied to the detention basin settling velocity, it was 
anticipated that changes in the settling velocity would prove the most critical in the treatment 
observed. 
The increase in detention basin surface had a more significant effect on the treatment observed than 
the increase in detention basin height by the same proportion. Both increases double the volume of the 
basin, however, increasing the surface area means that the particle need to settle over a lower depth 
before reaching the bottom of the basin and exiting the system. Although, this notion is contradicted 
by the sensitivity analysis results which decreased the surface area and height by the same proportion 
(S2 and S4). If the lower height allowed for improvements in the treatment rate, the S2 load would be 
lower than the S4 load. However, when the percent quality routing is simply added to the outfall load 
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it is found that the decreased height has the benefit hypothesized with the overall load being lower 
than that observed at the outfall when surface area is decreased, and the height remains constant. 
Changing each of the parameters by a constant proportion in both negative and positive directions, 
does not truly weight the uncertainty and establish the most sensitive parameter. Given the widespread 
assumption which were used to establish build-up and wash-off for TSS, the treatment function 
settling velocity is still critical. There are limitations in regard to the particle size adopted for deriving 
the settling velocity and its relationship to the distribution of particle masses in terms of build-up and 
wash-off from the catchment. The particle size is based upon the median size (80 microns) observed 
in runoff within residential land uses as reported by Selbig (2013 p116). It is likely that the 
distribution of particle sizing with respect to the overall TSS mass is significantly different from that 
which is assumed, meaning that for example many TSS particles may have a very high settling 
velocity due to their higher densities and sizes. This would then cause the treatment quantity to be 
underrepresented in the results. The uncertainty surrounding the assumptions of the TSS settling 
velocity is higher than that of the WQCV. 
 
5.2.3 Sensitivity Analysis - Model Run 3 
 
The changes to infiltration made in S15 and S16 runs had significant effects on water quality. Note 
that the Massachusetts stormwater guideline recommends that the seepage in the trench base be set to 
50% of the saturated hydraulic conductivity of the underlying soil to establish a conservative 
hydrologic performance (MassDEP, 2008). It should be noted that the BMP removal efficiency is 
specified once many infiltration trenches are trialled to achieve a match between EPA SWMM and 
observed values. In lieu of observed values against which simulated results could be calibrated, the 
lowest allowable infiltration rate was selected. When altering this value, subcatchment representative 
of the LID measures were set to ensure the Green-Ampt infiltration parameters was set to have no 
initial moisture deficit, with a constant hydraulic conductivity.  
Lower infiltration rates decrease the TSS treatment observed at the outfall, while the opposite was 
observed for increases. The increased treatment observed was also independent of any quality routing 
continuity error. However, as groundwater flow is not tracked, uncertainty exist regarding the extent 
to which the treatment occurs. Further, the infiltration is not routed to the outfall. In the BMP 
Performance Analysis Study (Tetra Tech 2010), the treatment was performance was limited by 
infiltration, with different curves provided for different infiltration rates. While the 0.17in/hr 
infiltration BMP curve was used, this is a generous infiltration rate considering the soil data obtained 
from areas surrounding the catchment showed a 5-500mm/day saturated conductivity, implying the 
seepage through the trench and the resulting TSS removal could be far lower that what was modelled. 
Furthermore, the depth to the groundwater table for the catchment area is unknown. If the 
groundwater table is higher, lower infiltration rates will result.   
 
The steepness of the hydrograph rising limb has not differed significantly implying that it does not 
have a magnitude that can affect the runoff depth generated as a function of the rainfall intensity and 
the subcatchment area, in addition to the overall slope and roughness of the conduits. Increases in 
depression storage caused a delay in the beginning of a hydrographs rising limb but did not result in a 
noticeable change to the steepness of the rising limb. While it is difficult to establish whether 
increased infiltration contributes to quality routing continuity error, it is clear that the first flush 
phenomena means that the initial depression storage assigned to areas removes a significant amount 
of pollutants from the system, causing a pike in continuity error. This is supported by the results 
observed in S17, S18, S7.1 and S8.1, where increases in the depression storage volume resulted in an 
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increase to the quality routing error. There is also evidence which supports the higher concentration 





 Modelling Challenges and Limitations 
 
5.3.1 Subcatchment Parametrization 
 
The subcatchments were assigned based upon lot boundaries. It was identified in the literature review 
that better results may be derived from specifying surface area zones. However, this would have 
increased the complexity of the outlet assignment and the generation of the subcatchment areas. 
Further, discretization of the areas based into non rectangular subcatchments for surface types would 
have increased the complexity further, especially with regards to parameters such as flow width. The 
slope of the catchment has been determined from the zonal statics applied to digitized lot boundaries 
from the DEM. While adjustments to the slope were made in the sensitivity analysis to simulate 
uncertainty regarding this parameter, it was noted that significant effects on lag time and peak 
discharge values did not result from adjustments made to the slope values.  
The outlet placement and point elevation values from the DEM were the next most area which 
determined the impact on topography on the hydrological catchment response. Uncertainty exists 
regarding whether this would have had a more significant impact on the outfall hydrograph than 
uncertainty associated with the slope derived from the DEM. However, it is clear that knowledge of 
invert levels of conduits measured from a datum would be much more accurate than the invert of open 
channel taken from a DEM. As mentioned in the methodology the outlet assigned to each lot was 
determined by placement at the lot corner which had the lowest elevation for the street side of the lot. 
The assumption that the drainage outlet was on the street-side was not always supported by the DEM 
point data at the corners. In some lot, the lowest point elevation at the corner was sometimes at the 
back of the lot. 
Further, to better account for the hydrology of the catchment, different manning’s values could have 
been assigned for impervious and pervious surface, in addition to throughout the drainage system. 
Assumption of uniform values for all subcatchments were used for the pervious and impervious 
manning’s value assignment. Similarly, a uniform value was given for all conduits in the system this 
is despite the assumed conduit being a road width, where it was partially concrete and partially 
asphalt. There are also some channels within the catchment which have cross section that vary from 
being concrete for minor flow conveyance, to grassed when the channelled is conveying more major 
flow events. EPA SWMM does not have a method to account for changing the manning roughness at 





Figure 36 Photo taken facing North-East along Dyson Drive, facing toward Wuth Street. The main kerb is smooth concrete 
whereas the road is asphalt, each would have an independent manning’s number  
 
Figure 37 Photo taken facing South-West from Dyson Drive toward the Thiess Park drainage corridor. Three underground 
conduits are draining to a rough rock lined channel in the foreground, this would have a different value compared to smooth 
concrete. 
Simplification of the conduit system would also result in the simulated results differing significantly 
from observed data, if observed data had been available. There are many underground conduits within 
the modelled lot area, along with culverts and manholes. If the existing stormwater infrastructure had 
been modelled with correct dimensions in EPA SWMM and ponding was allowed, it is likely that the 
resulting flooding losses would have been minimised. Testing whether a reduction in the flooding 
error would result from pollutants being lost was not tested as part of the sensitivity analysis due to in 
lack of available data. Additionally, while it was assumed that the conduit system consisted of the 
road widths, the drainage points did not extend the road, as the subcatchment drainage point were 
determined from lot boundaries, where the road does not immediately start. This error occurred due to 
the lack of reference to a satellite image underlay when undertaking digitizing in QGIS. This can be 




Figure 38 Drainage point for lots separated from road kerbing 
Additionally, the method used to quantify the build-up and runoff resulted in an a high amount of TSS 
being concentrated in the early runoff volumes. This is demonstrated in the figure below. 
 
Figure 39 Concentration of TSS in the last conduit before the catchment outfall 
It was discussed in the literature review that the wash off is better characterized as a flow-energy 
interaction, where the amount of build-up remaining is not the only parameter which affects the 
observed wash-off. However, such a method was not covered in literature which guided the of EPA 
SWMM, meaning that this could not be simulated. In the application of MUSIC modelling, EMCs are 
commonly used to determine the performance of WSUD measures, this would have removed the need 
to make assumption in the build-up, however it would still share the same limitation of not capturing 
the pollutant accumulation on different surfaces accurately. 
 
5.3.2 Model Setup and Operator Error 
 
Many iterations of results were conducted. Initially, results were produced with massive values for 
discharge for all sensitivity analysis and standard model runs, it was later discovered that the input 
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units for the area for the catchment were required to be in hectares, however, they had originally been 
specified in meters squared. Further, the modelling of infiltration trenches was originally conducted 
using the LID controls and LID usage input section, the BMP removal efficiency was the assigned to 
a node (CJ), which was then routed to the J node that connected to the broader drainage system. This 
caused for Treatment to be higher than the specified removal efficiency and for flow to from each lot 
to be more restricted and lost. This issue was addressed by changing the method used to represent the 
infiltration trenches and how the flow was conveyed to them from each lot. The second method 
demonstrated more reasonable performance and the results changes which arose from the sensitivity 
analysis of model 3 (runs S15-18) were reasonable. 
The shear number of assumption and input sections makes errors highly probable given that there is 
no real-world data which has been used to calibrate the model, any assumptions regarding the validity 
of results has been garnered form assessing how results change from sensitivity runs. The number of 
parameters and time require to troubleshoot different phenomena occurred in the result means that 
many hypotheses will be developed to account for the observations in each simulation. Where 
possible, the hypotheses developed will be supported by data obtained from sensitivity analysis runs. 
However, in lieu of data from simulations to fully support a hypothesis, literature was be used to fill 
gaps in understanding and comments will be provided regarding what further work would be required 
to strengthen findings. Therefore, the further work section will be influenced by unresolved issues and 




Chapter 6: Conclusion 
 
The results in the from modelling have shown that with by adapting modelling guidelines for EPA 
SWMM to an Australian context, direct comparisons can be made between infiltration trench and 
detention basin treatment performance. However, enough evidence has not been presented that 
establishes specific reasons why users would select EPA SWMM over the current industry standard, 
MUSIC. While it was identified in the literature review that SWMM is more apt for detailed design, 
there has not been a clear benefit established through the implementation of EPA SWMM. For any 
benefit of EPA SWMM   to be realised and properly understood the modelling process would need to 
be undertaken in MUSIC, with the different assumptions in the setup and limitation of the simulation 
methodology to be noted throughout. 
The models generated within EPA SWMM required many assumptions and simplifications to ensure 
that the dissertation scope could be achieved. The challenge of creating a model without prior 
knowledge of the software and required inputs meant that at the commencement of the project, it was 
difficult to assess the feasibility of the aims and what measures could be taken to ensure that an 
appropriate location was selected for the case study. The decision to use an Australian catchment for 
the case study was originally to ensure that conclusions would demonstrate the validity of modelling 
software in an Australian context. However, there is an absence of Australian BMP Guidelines and 
BMPDSS which are required to generate the curve for the BMP TSS removal efficiency. This limits 
the relevance of the simulation findings that show the Infiltration trenches have better performance 
when compared to the detention basin. Therefore, it can be concluded that infiltration trenches can be 
modelled with performance compared against detention basins using EPA SWMM, though a 
significant quantity of further work is required to ensure conclusion are valid within the Australian 
context of WSUD planning. Until further studies are completed, EPA SWMM does not have the 
potential to replace MUSIC as the leading tool used by the industry. 
 
 Further Work 
 
The is much work required to strengthen an increase the relevance of results that were obtained 
through the modelling conducted in the dissertation. To establish valid model results, modelling 
guidelines would need to be drafted which considered local conditions. The use of EMC for pollutant 
modelling is only covered by modelling guidelines in Queensland. The build-up and wash-off 
function used would need to calibrated from parameters derived from observed results in 
Toowoomba, so that a BMP curve could be developed. In the broader practice of BMP removal 
efficiency assignment, more research is required to assess whether these are accurate predictors of 
stormwater control measure performance and whether the Massachusetts stormwater handbook and 
Prince George County BMPDSS delivers adequate removal against a variety rainfall event over a long 
time period. 
Simple tasks to improve the validity of model results in the dissertation would be to obtain 
information regarding all the drains throughout the catchment, allowing ponding to occur once 
dimensions are accurate. Further, instead of assuming blanket values for manning’s roughness 
coefficient, judgements based upon the materials used in the conduit. Instead of splitting the 
catchment into lot sized areas, use the main conduit outlets which drain into the Thiess park drainage 
corridor to guide the subcatchment assignment. It would also be necessary to check whether any loss 
of accuracy would result from decreasing the level of discretization. However, adopting less 
discretization would also present a challenge in assigning source control WSUD measures as the 
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WSUD Infiltration trenches need to be specified on a lot scale. Further, impervious areas could be 
manually digitised from satellite to gain a closer approximation of the percent impervious for each 
subcatchment as opposed to the assumption of a blanket conservative value from an AR&R 
submission regarding a non-associated catchment.  
The rainfall duration used in the model created for this dissertation was arbitrary, it would be 
necessary to test a variety of events for an understanding of the pollutant wash off. Further, long term 
observation of a variety of rainfall events would also be required. Incorporating AR&R 2016 into the 
modelling would also be required to ensure outcomes would be relevant to current modelling 
requirements, including the potential incorporation of climate change impacts. The incorporation of 
groundwater flow, evapotranspiration and climate data is required to generate a more realistic 
simulation. Therefore, there are key projects which could be undertaken. Firstly, collate observed 
quantity and quality data for an Australian catchment and derive BMP removal curves for infiltration 
trenches, similar to those given in the Tetra Tech study (2010). Secondly, once  BMP removal curves 
are derived for an Australian context, collate data on detention and retention basin TSS removal 
performance. Thirdly, using a treatment function based upon observed detention or retention basin 
performance; along with a BMP removal efficiency based upon an Australian catchment study, 
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Appendix A Project Specification 
 
Project Specification  
For:   Aidan Train 
Title:  Water Quality Modelling of Infiltration Trenches: An Evaluation of Lot Scale 
  Stormwater Control Measures against Catchment Scale Alternatives. 
Major:  Civil Engineering 
Supervisor:  Justine Baillie 
Enrolment:  ENG4111 – On Campus, S1 
  ENG4112 – On Campus, S2. 
Project Aim: To compare the benefits to water quality of lot infiltration trenches against larger 
catchment scale measures using an ungauged catchment EPA SWMM model. 
 
Programme:  Version 1, 14th of March 2019 
1. Focus on completion of literature review and clarify methodology as knowledge 
evolves. 
a. Introduce Urban Stormwater hydrology and contrast with rural catchment 
hydrology 
b. Discuss issues caused by urban development with regards to hydrology 
and the importance of establishing mitigation measures. 
c. Discuss current perceptions in industry regarding SCM, including 
challenges of implementing WSUD. 
d. Describe Infiltration trenches in amongst other SCMs particularly those 
associated WSUD. 
2. Refine intended methodology based on any discoveries in literature review. 
3. Clarify inputs required for model by referring both to user manual and attempting 
to create a test model. 
4. List required inputs and seek real world data where available, make assumptions 
where real world catchment data inputs cannot be sought. 
5. Conduct sensitivity analysis (for variables assumed)/ calibration (if real world 
data can be sought) for the parameter on which the model will be based upon. 
6. Generate results for monthly water pollutant removal, compare and discuss with 
reference to other catchment scale measure which do not involve source control. 
7. Using model data, discuss conclusion arising from the results, compare to 
conclusions made using other literature. Summarise limitations of findings and 
make a recommendation regarding the implementation of source infiltration 








Tasks Due Date Project Phase Status 
Literature Review     
Select modelling software to better understand what inputs are required 
and the limitations of the software, so that they may be discussed in the 
literature review 
15-Mar Literature Review 
  
Examine current literature to find topics which need to be covered, 
allocate headings and then categorise research based upon main areas to 
be investigated 
31-Mar Literature Review 
  
Following completion of literature review and supervisor check: apply 
comments reassess scope and included material to ensure that necessary 
topics and research have been given an appropriate level of focus 
5-Jun Literature Review 
  
      
Methodology     
Determine inputs required for modelling software, EPA SWMM cross 
check with objectives of models and verify that software and objectives 
are still applicable 
31-Mar Methodology 
  
With consideration to previous verification, modify objectives or 
change software and re-verify 
20-Apr Methodology 
  
Attempt to find a gauged catchment where a model can be calibrated 15-May Methodology   
In the absence of a gauged catchment assume parameters based upon 




List parameters assumed and/ or parameters obtained from real world 
datasets and undertake calibration/ sensitivity analysis. 
15-May Methodology 
  
Completion of literature review and methodology in time for progress 








Methodology   
Submit Project Progress Report 
30-May 
Literature Review/ 
Methodology    
Model Creation and Result Generation     
Collate all input data and assumptions into model and generate pollutant 
monthly pollutant reduction statistics 
30-Jun Modelling 
  
Review - Adequacy of outputs 15-Jul Modelling   
      
Analysis and Discussion of Results     
Highlight main findings and errors in results, relating them back to 
limitations of modelling approaches identified in literature review. 
17-Jul 
Discussion/ 
Analysis   




Apply comments based upon intial proofreading 
1-Sep All 
 
Supervisor Review - total draft of work 11-Sep All   




Equipment Required to be Purchased 
 
Nil, only freely available equipment and software to be used. 
 
Although software may be available. It is likely resources will need to be engaged if difficulties are 
encountered, refer contingencies. Software user manuals and help documentation will be used 
extensively for self-teaching purposes. 
 
Access to Specific Laboratory or working facilities. 
 
I have a home office with both a laptop and workstation at my disposal, these combined with a stable 
internet connection will provide the means to undertake a thorough desktop analysis. 
 
Materials List: 
 PC with MS office - Excel and Word, capacity to run large models. 
 Ergonomic workstation setup for sitting periods of up to 8 hours. 
 
Access to Required Data Sets 
 
It will be necessary to evaluate a model against an existing catchment meaning the inputs required for 
EPA SWMM will be required from a real-world case. Inputs required can be separated into the 
following key areas. 
 
 Lot layout combinations and configurations 
 Topographical data relating to spatial arrangements of lots 
 Rainfall data inputs and streamflow hydrograph for calibration 
 
Access to Required Sites 
 





1. If data/ results are not sufficient to discuss water quality in depth required to fulfil objectives 
of thesis, focus can be shifted to runoff generation and the benefits of infiltration in regards to 
attenuation and translation of peak flows. 
2. Uncertainty still exists with regards to whether real world data exist as a clear vision of the 
methodology does not exist and will only be completed once more work has been completed 
on the literature review and the methodology section of the thesis. Model will likely contain a 
combination of real world data that has been modified/ simplified so that it may be 
incorporated into the model and assumptions will be required. Data will be subject to a 
sensitivity analysis should assumptions be largely required. If real world data can be found, 
calibration will occur for the unknown parameters remaining. 
3. In the creation of the model, should difficulties be encountered and remain impassable for 
greater than 6 hours, help will be sought from either supervisor in the next meeting or flood 
modelling professionals at GHD.  
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Appendix B Workstation Stretches 
 
From Rex (2013): 
 




Appendix C Soil Data Points  














Appendix F Digitized Conduits 
 
